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Introduction

The work reported here was undertaken with the idea that

the fungi which rot citrus fruits probably show some peculiar

metabolic adaptations to life in such an acid environment as that

furnished by the citrus fruits in general and particularly by
lemons. In the progress of the work, however, the available

methods, especially those for the quantitative determination of

citric acid, were found to be so unsatisfactory that it was deemed
advisable to spend considerable time in studying possible methods
and their application to the routine work of physiological experi-

mentation. In the first part of this paper, therefore, considerable

space is devoted to the methods utilized in this research as well

as to some notes on the chemistry and occurrence of citric acid.

In the execution of the physiological side of the work the utiliza-

tion of citric acid as a source of carbon for fungi is the special

phase considered, and only passing attention :

other important phase, the production of acid

It is not the intention to nrooose the

that

intention to propose the idea that citric acid

tolerance or utilization is the primary factor in the invasion of

citrus fruits by fungi; in fact, due to the structure of these fruits,

it is probable that a number of parasitic fungi which cannot grow
in a synthetic medium as acid as the expressed juice of lemons or

grapefruit are still able to rot these fruits with comparative ease.

From a microscopic examination of numerous rotted fruits and
from the laboratory experimentation, the idea has been gleaned

that in the primary infection and rotting of citrus fruits the ability

to hydrolyze cellulose, and not tolerance of citric acid, is likely

1 An investigation carried out at the Missouri Botanical Garden in the Graduate
Laboratory of the Henry Shaw School of Botany of Washington University and
submitted as a thesis in partial fulfillment of the requirements for the degree of

doctor of philosophy in the Henry Shaw School of Botany of Washington University.
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to be one of the deciding factors. Nevertheless, for those fungi

which cause the ultimate destructive decay which releases the

acids contained in the juice sacs of the fruit, there must be meta-

bolic adjustment to life in an extremely acid medium.

Discussion of Citric Acid

Citric acid (oxy-tricarballylic acid) is a tricarboxylic acid with

Le substituted hydroxyl group, of the structure:

CIL.COOH

C(OH).COOH. 1 ILO

CIL.COOH

It crystallizes from concentrated solutions with one molecule of

water of crystallization; but if heated too much in concentrating

it turns yellow and does not crystallize, probably due to the for-

mation of other compounds. It is extremely soluble in water

but less so in most of the organic solvents, such as ether, alcohol,

and chloroform. It dissociates in 3 stages, and Blasdale ('18)

gives a dissociation constant of 8 X 10~ 4
for the first stage.

Davis, Oakes, and Salisbury ('23) point out, however, that in

titrating citric acid with alkali a curve corresponding to that for

HC1 is obtained instead of one corresponding to the titration

curve for H,P04; this would indicate that the di-basic and mono-

basic salts are not sharply separated from each other in formation,

as is the case in the similar salts of phosphoric acid. Citric acid

does not possess an asymmetric carbon atom and consequently

does not rotate the plane of polarized light. It forms 3 classes

of salts and some mixed salts, but only the tri-basic salts are

usually prepared.

Potassium citrate, used considerably in the work here reported,

is a soluble, strongly alkaline salt, crystallizable with difficulty

from water, owing to its high solubility, but more easily crystal-

lized by shaking out with alcohol. Sodium citrate is even more

soluble in water, but is easily crystallized out as fine crystals by

shaking an aqueous solution of the salt with 95 per cent alcohol.

The crystals form at the junction of the 2 liquids and slowly settle
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out. Handbooks ordinarily give the sodium salt as crystallizing

with 11 molecules of water but when it is crystallized out from
alcohol as above described the percentage of water seems to be
much lower. None of the salts of this acid with the heavy metals

are quantitatively insoluble in water but most of them are less

soluble in alcohol. The salts of Ca, Pb, and Ba are commonly
used in analysis and will be discussed under the head of quantita-

tive methods.

Citric acid is quite readily oxidized, its salts and the acid itself

being oxidized in air at less than 200° C. The acid is decomposed
by concentrated sulphuric acid, sulphuric and chromic acid mix-

tures, by KMn04 in acid solution, and by K2Cr 207 under the

same conditions as for KMn04 , but more slowly. The general

products from such oxidations are C02 , CO, acetone, acetaldehyde,

acetic acid, and formic acid, depending on the oxidizing agent

and the conditions of the reaction. On account of its high carbon

content and the ease with which it is oxidized citric acid should

be a fairly good source of carbon for those organisms capable of

utilizing it.

QUALITATIVE DETECTION

The common methods of detection are based largely upon the

fact that certain salts are less soluble in hot water than in cold,

i. e., precipitates are formed on heating the solution and these

disappear when the solution is cooled. Calcium citrate is com-
monly used in this test and the acid lead salt has been recom-
mended by the Association of Official Agricultural Chemists ('07).

This sort of method is likely to be misleading, however, in the

presence of other salts or in the case of too great or too small a

concentration of citric acid. Stahre's pentabromacetone method,
depending upon the formation of a complicated compound,
pentabromacetone, when citric acid is oxidized to acetonedicar-

bonic acid by KMn04 in the presence of Br, has been used exten-

sively. This test is probably less sensitive, and much less satis-

factory than that of Deniges ('98), which is based upon the

formation of a complicated mercury compound with acetone.

As this method was used in this work it will be given in detail

and follows closely the instructions by Yoder ('11). DenigeV
solution is prepared by dissolving 5 gr. of mercuric oxide in 20
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cc. of cone. ILSO4 and diluting with 100 cc. of distilled water.

To about 5 cc. of the solution to be tested, containing a small

amount of citric acid, is added about 1 cc. of the mercury solution,

the solution heated almost to boiling, and 2 per cent KMnO«
added drop by drop with shaking. After a few drops have been

added a white cloudy precipitate is formed if citric acid is present.

If the KMn0 4 continues to be used up but no precipitate is formed

it is likely that sugar, oxalic acid, or some other compound oxid-

ized by permanganate solution more easily than citric acid, is

present. If these compounds are present in small quantity,

citric acid may be detected by continuing to add KMn04 solution

slowly until they have been completely oxidized, when the KM11O4

will react with the citric acid. If the interfering substances are

present in considerable amount it may be necessary to precipitate

the citric acid with barium acetate and 50 per cent alcohol, and

after washing the precipitate, dissolve it in sulphuric acid, filter

off the BaSO«, and apply the test.

According to Yoder ('11), succinic, tartaric, and malic acids

do not give this test, but aconitic acid does. Amberg and Mc-

Clure ('17) stated that pyruvic, ita- and citraconic acids gave

positive tests, but a large number of others tried, including tri-

carballylic, succinic, etc., did not give positive tests. Oxalic

acid gave a white precipitate on addition of the reagent, and this

must be filtered off before proceeding with the test.

QUANTITATIVE DETERMINATION

There is as yet no satisfactory gravimetric method for the

determination of citric acid, though a number of such methods

have been offered. The lead salt which is commonly used for the

primary separation is very soluble in water, and Yoder ('11)

points out that at least 3.6 volumes of alcohol are necessary for

a quantitative precipitation of citric and malic acids, whereas 1

volume has usually been used.

For gross work citric acid may be precipitated from a neutral

solution with calcium acetate or chloride, filtered hot, washed

sparingly with hot water, and the precipitate weighed as calcium

citrate or converted to CaSO<and weighed. This general method

is valuable only for concentrated solutions, but is commonly
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recommended. For the analysis of citric acid by precipitation

as calcium citrate, L. and J. Gadais ('09) collected the nitrate

and washings from the first precipitation, concentrated to a small

volume, and reprecipitated, adding the second residue to the

first. This is probably the best modification of the use of the

calcium precipitation and increases the scope of the general

method considerably.

Spindler ('03) pointed out that the calcium precipitation was

not quantitative but dependent upon the volume of the solution,

also that tri-calcium citrate, which is supposed to crystallize

with 4 Hs O, loses water when dried at 100° C. Yoder ('11)

gave the limits of concentration of citric acid for producing a

precipitate with calcium acetate, without stirring or scratching

the sides of the beaker, as more than 0.32 gm. of acid in 100 cc.

of solution in the cold, and less than 0.32 gm. in 100 cc. of boiling

solution. The writer obtained by this method an appreciable

crystalline precipitate from 0.025 gm. of citric acid in 100 cc.

of solution by autoclaving at 15 pounds for 20 minutes. The

precipitates obtained at higher concentrations of citric acid were

well crystallized by this method and easily filtered. By preci-

pitating always from the same volume of solution it might be

possible to make use of the precipitation in the autoclave satis-

factorily. Calcium citrate is quantitatively insoluble in 50 per

cent alcohol, but apparently no work has been done on the water

content of the salt when precipitated by this method.

Creuse (72) noted that the barium salt of citric acid was

almost totally insoluble in alcohol of 0.908 sp. gr., and he offered

a tentative formula for the precipitated compound of the general

structure: Ba0 3 .C 12 H6 0n.2 H2 0. He precipitated from a neutral

solution in 63 per cent alcohol. The precipitate by this method

is gelatinous but fairly heavy, and after standing over night can

be filtered, washing mostly by decantation. Jorgensen ('07)

offered a method for separating the barium salt of citric acid

from that of malic acid, based upon the comparative insolubility

of the citrate in 26 per cent alcohol and the greater solubility of

the malate in that solvent. The separation is not sharp and re-

quires considerable manipulation, depending on the relative

concentrations of the 2 acids. Moreover, the precipitate is very
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gelatinous and difficult to filter as compared with that from

63 per cent alcohol.

Several attempts have been made to base a quantitative method
on the fact that KMnO<oxidizes citric acid to acetonedicarbonic

acid which in turn decomposes at temperatures above 80° C. to

form acetone. Jorgensen ( '07) oxidized citric acid with KMn04

under various conditions but his yields of acetone were uniformly

low. Fleischer ("72) obtained acetone only in the presence of

mineral acid, but Jorgensen obtained it in the presence of NaOH.
Kunz ('14) modified Stahre's qualitative test and weighed

the precipitate of pentabromacetone. This method has been

used considerably by biochemists for determining small quantities

of citric acid and has been tentatively adopted by the Association

of Official Agricultural Chemists ('09). Following the lead of

others Salant and Wise ('16) added DenigeY reagent to the solu-

tion to be tested, oxidized with KMnO<, and weighed the mercury

complex. McClure and Sauer ('22) studied both of the above

methods and decided that on the whole the pentabromacetone

method of Kunz was best. Both methods require tedious mani-

pulation, are easily interfered with by substances other than

citric acid, and neither gives a very good yield of the compound
to be weighed.

Pratt ('12) distilled off the acetone as fast as it was formed

the interaction of citric acid and KMnO«, the latter being

added slowly through a separatory funnel as the reaction pro-

ceeded. The receiver flask contained DcnigeV reagent. When
the reaction was complete the distillate was relluxed and the

precipitate weighed. Willaman ('16) modified the distillation

arrangement and substituted a titration for the gravimetric

determination of the acetone in the complex precipitate. This

was a material improvement, since gravimetric methods are to

be avoided wherever possible in the routine of physiological

work where many analyses must be made.

Any method based upon the determination of the mercury-

acetone complex of Denig6s is necessarily empirical and is more
difficult still in that the mercury-acetone complex is probably

of varying as well as uncertain composition. Denig6s ( '98) gave

for this complex the formula:
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Hg - - Hg - (X /R'
so/ \ /

>Hg >C
SO,

^Hg - - Hg - o/ \ R'

In a later publication ('98a) he stated that this formula was
correct if the compound was dried at 110° C, but if dried at a
lower temperature it probably had a composition represented by
[(SO,Hg) 2 .3HgO) 3 .4CO.R,. Oppenheimer ('99) arrived at a
different formula and factor for conversion to acetone and stated

that there was no difference in the compound whether it was
dried at 110° C. or at a lower temperature. The uncertain

composition of this compound prevented a critical study of this

method, since it was impossible to determine accurately the
actual yield of acetone from citric acid. Theoretically 1 molecule
of citric acid should yield 1 molecule of acetone, but since the
rate of oxidation in some degree controlled the yield it was evident
that the yield did not, in all probability, reach 100 per cent in

any case. On account of this fact it was the feeling of the writer

that some better method for determining the acetone might lead

to a much improved method.

Pratt ( '12) stated that the Messenger titration was not adapted
to this method; however, Shaffer ('08) offered a method for the
determination of /3-oxybutyric acid based upon the oxidation of

that compound to acetone by chromic acid in the presence of

HjSO*, and the determination of acetone by the Messenger
method. The interference due to the formation of volatile pro-
ducts from the oxidation of sugar, which were probably of an
aldehyde nature, was overcome by redistillation of the first

distillate, after rendering it alkaline with NaOH and adding
30 cc. of 3 per cent H2 2 . It was at first thought that the yield

was 100 per cent, but in a later paper Shaffer and Marriott ('13)

showed that the yield was about 90 per cent of the theoretical and
that some of the products of the oxidation of sugar were not elimi-

nated by the redistillation, although the error from this source was
negligible. Marriott (

' 13) , studying the distillation of acetone and
its determination by the Messenger method, showed that by
boiling 10 minutes the acetone was completely removed to the
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distillate and that if a good condenser was used the receiving

flask need not be iced. Likewise, the accuracy of the Messenger

titration was tested in this work and the method found to be

efficient.

With this in mind the writer attempted a study of the oxidation

of citric acid by the Messeng

for the determination of the acetone. As only a short, straight-

tube condenser was used the receivers were sometimes iced.

Potassium permanganate of the concentration suggested by

Pratt ('12) was used for the oxidation.

In the first experiments, using a known solution of citric acid

and the conditions given by Pratt, the yields were extremely

low, and although different concentrations of HtPCX were used

the yield never rose above 85 per cent. K2Cri0 7 and HjSO*

were tried under the conditions of the Shaffer method but the

yield was low. On trying H5SO< with the KMnCh the yield

increased to about 90 per cent and was much more constant, nor

did any interference occur due to substances formed from the

sulphuric acid. In using HsSO, a brown precipitate was formed

when the oxidation was complete and KMnO<was still added.

Some of the distillations were stopped as soon as the brown color

appeared, new receivers were substituted, and the distillation

continued. By this method it was found that practically all the

acetone yielded by the method had been collected in the first

distillate, and no more than traces could be detected in the second

receiver. Moreover, tests for citric acid failed when tried on the

residue in the distilling flask.

As the work was being carried out with special regard to its use

in culture solutions, the effect of various constituents of culture

solutions was tried. The non-volatile compounds, such as sul-

phates and phosphat Nitrates gave a

substance utilizing large quantities of thiosulphate, but this com-

pound was readily eliminated in the redistillation from alkali.

Various sugars and organic acids were known to form oxidation

products, and the yield of aldehyde from malic acid had been

studied byJorgensen ('07). These were studied for interference.

One-half gram of malic acid was placed in each of 2 Kjeldahl

flasks, and 100 cc. of water and 5 cc. of 5 iVII,S0 4 added. The
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oxidation was carried out in the usual manner. One distillate

was titrated directly by the Messenger method. On adding the

alkali a white precipitate formed, the titration being only 4.0 cc.

of thiosulphate on a blank of 23.15 cc. The second distillate was

redistilled with 10 cc. of 10 per cent NaOHand 30 cc. of 3 per

cent Hj0 2 and the distillate from this titrated. The titration

was 23.15 with a blank of 23.25 cc. The procedure was repeated

with small amounts of dextrose with the following results:

Thiosulphate

(cc.)

Single distillation 22 . 35

Redistilled 23.25

Redistilled 23.2

Blank 23.25

Shaffer and Marriott ('13) stated that a small amount of inter-

fering substance, which was not eliminated by the redistillation,

was formed when dextrose was oxidized by K2Cr 2 7 in the presence

of HjSO<. Such a substance is not in evidence here, though it

might be formed under certain conditions.

Using the apparatus and general procedure described under

" Methods" a number of determinations were made on known
solutions of citric acid, varying the time of oxidation, amount

of mineral acid, volume of solution, and the amount of citric

acid. Some of these results are given in table i. The results

varied more than if an efficient condenser had been used. Part

of the results shown were obtained from a single distillation,

part were redistilled.

It may be seen that the yield with HsPO< as the mineral acid

was around 80 per cent and very variable. Where H2SO< was

used the yield varied from 87 per cent to 95 per cent, depending

on the volume of the solution, the amount of mineral acid, and

the period of oxidation. No one of these factors, however, is

as important as maintaining the same conditions for all determina-

tions. The amount of solution, especially, seemed to affect the

yield very slightly, even when raised to 200 cc, but this made
distilling more difficult. On the whole, about the best conditions

indicated by the results of a large number of experiments were

(1) a volume of 50 to 125 cc, (2) about 1 per cent H2S0 4 , (3)

A
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*

an oxidation period of 15 minutes for 100 mgms. of citric acid

and (4) a concentration of citric acid between 75 and 125 mgms

TABLE I

QUANTITATIVE DETERMINATIONSOP CITRIC ACID UNDERVARYING
CONDITIONS

Acid

added,

(mgms.)

Vol-

ume,

(cc.)

Interval of

oxidation

(minutes)

Min-
eral

acid, (cc.)

Acid

recovered

(mgms.)

Yield

(per cent)
Remarks

H3PO4*

100 50 28 5 82.72 82.7

100 75 21 5 84.83 84.8

110.77 100 3

H£04
88.2 79.6

110 77 50 1 102.9 93.0

110.77 50 10 97.2 88.0

110.77 50 2 101.5 91.5

110.77 100 2 101.6 91.6

100 75 13 5 91.87 91.8
*

100 50 11 5 93.63 93.6

100 50 14 5 93 . 98 94.0

125 50 15 5 118.45 94.9

125 50 15 5 118.9 94.96

75 75 8 5 65.82 87.0

75 75 12 5 67.58 90.0

75 50 10 5 65.64 87.0

75 50 10 5 65.64 87.0

75 50 12 5 67 . 23 89.6

75 50 14 5 67 . 58 90.0

83.07 2 74.1 89.2

55 . 38 2 49.67 89.5

110 77 100 2 102.9 92.7 Oxalate added

110.77 100 2 101.9 92.1 KNO3, redis.

110.77 50 2 105.8 95.5 . 5 gm. dextrose

* 85 per cent H3P0 4

t 5 N Il*SO«

rRorosED Method

APPARATUS

Either the short -necked 500-cc. distilling flasks described by
Willaman ('16) or the ordinary Kjeldahl flask is suitable

for the distillation and for the receiver for the initial distillation.

A spiral condenser is not necessary but is desirable. The flask

h.



1923]

CAMP—CITRIC ACID AS A SOURCEOF CARBON 223

is connected to the condenser with a 2-hole rubber stopper, the

second hole being used for a short drawn-out dropping tube

connected with a supply bottle of permanganate as described

by Willaman ('16). These tubes should be drawn down equally

and the tips should be small enough to release a small drop.

The distilling flask should set vertically so that the liquid from
the dropping tube will not strike the neck of the flask, but drop

directly into the solution.

The solutions necessary are : KMnO,, 0.5 gm. per liter; H2S0 4 ,

cone, or preferably 5 N (by graduate); NaOH, saturated (60

per cent) ; I 2 , 0.1 Nsolution; Na2 S2 3 , standardized 0.1 Nsolution;

soluble starch, 1 per cent solution for use as indicator.

PROCEDURE

If only small amounts of interfering substances, such as sugars

and organic acids, are present, enough of the solution to be ana-

lyzed to give about 100 mgms. of citric acid should be trans-

ferred (accurate pipette) into a 500-cc. Kjeldahl flask, and sufficient

water to make a volume cf 125 cc, and 0.75 cc. of cone. H2SO«
or 4 cc. of 5 N acid added. This should be connected with the

condenser and 25-50 cc. distilled off to remove any preformed

acetone or alcohol. After this preliminary distillation the re-

ceiver should be put in place and the permanganate solution

dropped at about 100 drops per minute, or at such a rate as experi-

ence shows will complete the oxidation in about 15 minutes, or

longer if there are interfering substances present, such as sugars.

In the Kjeldahl flask arranged as the receiver 100 cc. of cold dis-

tilled water should be used, care being taken that the receiver

tube is sealed off with the water.

Distillation should continue until the brown precipitate begins

to form freely. The permanganate should then be stopped and
distillation continued for about 3 minutes to clear out all the

acetone. To the receiving flask 5 cc. of 60 per cent NaOHand 30

cc. of 3 per cent H2 2 is added and distillation carried out immedi-

ately, the distillate being received in cold distilled water in a flask

suitable for titrating. In distilling bring to a boil slowly and then

boil vigorously 10 to 15 minutes. Fifty cc. of 0.1 AT
I 2 solution and

10 cc. of 60 per cent NaOHshould then be added to the receiving



[Vol. 10

224 ANNALS OF THE MISSOURI BOTANICAL GARDEN

flask, this being stoppered and shaken and permitted to stand for

10 minutes. Five cc. of cone. H2S0 4 should then be added and

titrated with 0.1 iV thiosulphate, using starch solution as an

indicator. The difference between this titration and the titration

of a blank on the chemicals represents citric acid (1 cc. of 0.1 N
I 2 theoretically represents 3.5 mgms. of citric acid). To the

amount of citric acid found by multiplying the number of cc.

by 3.5 a correction of 6 per cent should be added if the amount

is over 115 mgms., 8 per cent if from 90 to 100 mgms., and 10 per

cent if less than 90 mgms. It is desirable to run known amounts

of citric acid and calculate the corrections for the particular

apparatus and procedure used.

Where too large amounts of interfering substances are presen t

the citric acid must be separated by precipitation. It is not

necessary, however, that this separation be complete, but only

that the citric acid be precipitated quantitatively and the bulk

of the interfering substances removed. Two methods are sug-

gested as convenient and practical, the one to be used depending

upon the conditions under which the work is carried out.

Melhod 1 . Precipitation as barium citrate. —To a volume of solu-

tion equivalent to approximately 100 mgms. of citric acid a drop of

phenolphthalein is added and the solution neutralized with NaOH.
Just enough dilute CH,COOH(1 to 2 per cent) is supplied to

destroy the pink color and sufficient barium acetate solution to

completely precipitate the citric acid, then 2 volumes of 95 per

cent alcohol, and the mixture shaken. If a centrifuge provi

with large tubes is available the precipitation may be carried out

in one of these. The supernatant liquid should be centrifuged

and decanted (the precipitate comes down rapidly when centri-

fuged) and the residue stirred up at the bottom of the tube with

a stream from a wash bottle filled with 26 per cent alcohol and

centrifuged again; repeat if necessary. The precipitate should

be warmed with 5 cc. of 5 N H2S0 4 and a few cc. of water and

the whole washed into the Kjeldahl flask and made up to 125 cc.

The flask may be boiled vigorously before connecting with the

condenser to remove the alcohol, this taking the place of the

preliminary distillation. The precipitated BaS0 4 does not inter-

fere with the distillation and oxidation.

led
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If it is not desirable to use the centrifuge, the alcoholic solution

may be warmed over the water bath, the flask or beaker being

kept covered. After a few minutes of warming the precipitate

will begin to flocculate out. Whenthe solution has almost reached

the boiling point of the alcohol mixture it should be set aside

over night and filtered the next day. In filtering, the precipitate

should be washed as much as possible by decantation, using 26

per cent alcohol, the washing completed on the filter (2 or 3 wash-

ings are sufficient), and the filter drained to remove most of the

alcohol. The filter with precipitate should be transferred to a

beaker, warmed with 50 cc. of water and 3 cc. of 5 N ILSCh,

and washed with more warm water. Continue as previously

described with the preliminary distillation or boiling.

Method 2. Precipitation as calcium citrate. —The method to

be followed is essentially that of L. and J. Gadais ( '09), and where

a large water bath or, better still, a sand bath is available the

method is very convenient. A small beaker is used instead of the

crucible, and the color after neutralization with NaOH is des-

troyed with acetic acid and the precipitation carried out with

calcium acetate instead of the chloride, giving a more easily

filtered precipitate. The calcium precipitate is dissolved in 50 cc.

warm water and 5 cc. of 5 A7
" HuSO, and transferred to the dis-

flask and the filter-paper washed with 50-75 cc. of

H.,0

The calcium precipitation is not quite as complete as the barium

precipitation, but in some ways is much more satisfactory, the

precipitate of calcium citrate being crystalline and readily filtered

and washed. The disadvantage lies in the slowness of concen-

trating the solution, after washing, to the requisite small volume.

Where only citric acid, and no other carbonaceous substances

precipitated by calcium, is present, or where the only other sub-

stances so precipitated are inorganic anions, it is both more con-

venient and more efficient to determine the total carbon in the

precipitate by the use of the Friedeman carbon apparatus as

described below. This method is also very satisfactory, in many

cases, with the barium precipitation, but it must be borne in

mind that other organic acids are more likely to have relatively

insoluble Ba salts than Ca salts, and the precipitate must be
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carefully washed with 26 per cent alcohol to free it from them
and the occluded sugar.

Unless oxalic acid is present in large amounts it does no harm,
but where the amount is so great as to utilize large quantities

of permanganate the calcium precipitation should be used and
carried out first in an excess of acetic acid. The precipitate of

calcium oxalate should be filtered off, the washings and filtrate

neutralized, and the regular procedure followed.

It is quite possible that the autoclave may be satisfactorily

made use of in connection with the calcium precipitation. A
number of experiments were tried with precipitations in varying

amounts of solution, 25, 50, and 100 cc, and it was found that the

amount of citric acid remaining in the solution was approxi-

mately proportional to the volume. Whether this would vary
in the presence of additional substances has not been determined.

OCCURRENCEOF CITRIC ACID

Citric acid is commonly known as the constituent acid of citrus

fruits. Numerous writers have given figures for the acid content

of these fruits, but the figures usually represent titrations of total

acid, calculated as citric acid, as is the case in most of the work
done on the acidity of fruit juices. However, in the case of citrus

fruits the percentage of acid is so high and the presence of citric

acid so well known that these figures are fairly accurate. It is

probable, however, that other acids occur in small quantities in

fruits of the citrus type.

Colby ( '92) gave figures for the analyses of California oranges

crops for 2 or 3 years. The figures inand lemons covering the

table ii, taken from his work, give the percentage of total sugar
and acid, calculated as citric, in the juice of certain varieties.

Chace, Wilson and Church ('21) stated that California lemons
contained 3 to 4 per cent of citric acid in the whole fruit (including

rind). Gray and Ryan ( '21), in some work on the effects of vari-

ous sprays on oranges, gave some figures indicating from 0.7 to

1.5 per cent of citric acid in normal, unsprayed oranges. Collison

('13) gave figures on Florida oranges and grapefruit of various

varieties. According to these, the good marketable oranges
varied from 0.35 to a little more than 1.0 per cent of citric acid
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and sour stock fruit had a considerably higher acidity (the acid

being calculated as the anhydrous acid and not that with the

usual 1 molecule of water of crystallization). Grapefruit ran
from 0.8 to 1 .61 per cent acidity. The total sugar figures averaged
slightly lower than those cited by Colby ( '92) for California fruit.

All the above figures were calculated from simple titrations.

TABLE II

ACID ANDSUGARCONTENTOF CALIFORNIA ORANGESANDLEMONS

Variety Average

for

Per cent

citric acid

Per cent

total sugar

Navel oranges

Seedling oranges

Mediterranean

Sweet (orange)

Lemons

3 yrs.

2 yrs.

3 yrs.

lyr.

.96

1.29

1.28

6.72-8.4

10.66

12.04

9.30

1.56-2.70

The hydrogen-ion concentration of the juice of citrus fruits,

?ted from thoroughly macerated pulp, was given by Haas
('17) PH 2.2 for lemons and 3.8-3.9 for

)f lemons variedoranges. Bartholomew ( '23) stated that the PH of

from 2.2 to 4.4 during the course of growth, and that the average
for a large number of determinations on mature lemons was 2.31.

In discussing either the total or actual acidity of citrus fruits the

the fruit must be The duId of

these fruits consists of numerous small iuice sacs, each of which
has a definite covering or skin consisting

>
according to Reed

('14), of 10 of small living cells, and inside of this

of broken-down
These sacs may be easily separated from each other under a dis-

secting microscope without breakage and the consequent loss of

acid. Reed ('14) pointed out that while the acidity of the juice

contained in the juice sacs was extremely high, indeed high enough
to destroy oxidases, yet the living cells of the wall of these juice

sacs contain large amounts of oxidase in an active condition.

From this he drew the conclusion that the acid is retained within

the juice sac by a semi-permeable membrane. The living tissues

are not required, therefore, to sustain any such high acidity as is

found in the extracted iuice.



[Vol. 10

228 ANNALS OF THE MISSOURI BOTANICAL GARDEN

In examining numerous specimens of partly rotted lemons and

oranges attacked by various fungi it was found that the fungus

had partially digested the rag, or white pithy layer inside the

rind, that it had attacked the walls of the carpels, the placentae,

and in some cases the outer layers of the rind, without releasing

the acid from the juice sacs themselves. Examination of some

oranges in an advanced state of decay showed that the walls of

the juice sacs had been attacked and the juice sacs broken down,

and the same was true in less degree of lemons rotted by certain

fungi. This latter condition is only the result of advanced decay,

however. In many cases the examination showed the rind com-

pletely digested, but the adjacent juice sacs still intact. Even

where the pulp sacs were seemingly attacked, it was only when

the decay had reached a very advanced stage that the fungus

could be demonstrated microscopically inside the juice sacs.

Oranges should present little difficulty, as far as acidity is con-

cerned, for decay fungi, and it is probably the case that the pulp

is readily destroyed, but it is improbable that the pulp of lemons

can be attacked destructively until the fungus is well established

in the less acid portions.

Citric acid occurs in a large number of fruits besides those

included in the citrus group, and in fact citric and malic acids

make up the bulk of the acids of ripe fruits. Bigelow and Dunbar

('17) summarized the work on the acidity of fruits and added

data of their own. Besides citrus fruits, most berries were found

to contain citric acid, and this was especially true of cranberries,

which are extremely acid. Tomatoes, cantaloupes, one variety of

pear, and a number of other fruits were also found to contain

citric acid. Pomeand drupe fruits as a rule were found to contain

malic acid

metabolism

reported upon extensively by several authors. Wehmer ('93)

reported on the genus Citromyces as containing acid producers.

He obtained good yields of citric acid in the presence of CaCO,.

Martin ('16), using various species of the genus Citromyces,

attempted to work out a commercially practicable method for

producing citric acid by the fermentation of sugar but obtained

insufficient yields. Butkewitsch ('22) studied quantitatively the
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production of citric acid by Citromyces glaber and other species

of this genus. Thorn and Currie ('16) found citric acid to be

produced transiently by various species of Aspergillus. Currie

('17), working with cultures of Aspergillus, was able to obtain

good yields of citric acid, although Martin had previously dis-

carded all such cultures as not producing this acid. The writer

obtained citric acid from Aspergillus sp. and a Penicillium sp.

on a dextrose medium.

Citric acid is not limited to the plant kingdom; it was early

reported as a constituent of the milk of most mammals and of

urine. Recently, quantitative studies have been carried out on

the occurrence of citric acid in man. Amberg and McClure

('17) found it consistently present in urine and gave quantitative

data for the amount excreted. Leake ('23) studied its occurrence

in sweat under various conditions. Salant and Wise (

?

16) studied

the physiological reaction of the animal body to varying doses

of sodium citrate. While it is an excretion product in the human
metabolism it actually occurs in very small quantities, however.

THE PHYSIOLOGICAL ROLE OF CITRIC ACID

As a source of carbon for fungi, citric acid, like most of the

other organic acids, has received little attention. Nageli ('80)

listed it as second to tartaric acid as a source of carbon for the

lower fungi. Waterman ('13) studied the use of citric acid and

a number of other acids as compared with sugar, but the work

on citric acid was not complete. He showed, however, that for

Aspergillus niger this acid is a fair source of carbon. Currie ('17)

suggested that citric acid might be one step in the course of the

metabolism of sugar by A, niger and that it was used up as meta-

bolism progressed, if the conditions were favorable. Butkewitsch

('22), working with Citromyces glaber and some Penicilliurn-like

fungi, gave curves for the use of varying amounts of citric acid

as well as for its production.

Numerous writers on pathological subjects have contributed

notes on the " tolerance
M

of the various organic acids by fungi,

but the conditions of acidity were usually not controlled and the

limiting factors were more likely to be connected with the

hydrogen-ion concentration than with the anion of the acid.
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The work of Hemmi ('20) is a typical example of this latter

type of work. Using a basic medium containing sugar and work-

ing with a large number of species of Gloeosporium, he studied

the effect of the addition of varying amounts of organic acids.

His general conclusion was that small amounts of these acids

increased the growth of the fungi over that produced by the

sugar alone, and larger amounts inhibited growth. The acids

were added in the free state and no account taken of PH so that

the reasonable supposition would be that the depression of growth

at the higher concentrations of acid was due to an unfavorable

PH . Unless the hydrogen-ion concentration is taken into account

such studies give very uncertain results. The chief work of an

analytical nature, therefore, has been done by workers using either

Aspergillus niger or some of the fungi from the Penicillium group

(including the fungi classified under the genus Citromyces Wehmer)

.

A number of earlier writers attempted to classify the products

resulting from the fermentation of citric acid, and their results

are outlined by Thiele ('11). From the results of these workers,

using such inocula as spoiled cheese, hay decoction, etc., we find

reported as fermentation products, butyric acid, acetic acid,

succinic acid, ethyl alcohol, hydrogen, carbon dioxide, water,

and carbonates. It is difficult to evaluate the results of the very

early workers where neither culture methods nor chemical methods

were well standardized, but the meager descriptions of the bulk

of these experiments would point to yeasts and bacteria rather

than true fungi as the organisms bringing about the fermentations.

Special interest attaches itself, however, to the reported produc-

tion of alcohols from citric acid, inasmuch as there was strong

evidence in the present work that under certain conditions some

of the fungi produced alcohols and acetic acid in the presence of

citric acid, and presumably from it. Fairly recently Fitz (78)
reported alcoholic products obtained from the " spontaneous

combustion" of calcium citrate. His tests gave isopropyl alcohol,

a weak reaction for ethyl alcohol, and an uncertain test for suc-

cinic acid. Here again we know nothing of the actual agent of

fermentation but it was probably bacterial. The difficulties in

testing for such substances have no doubt hindered the work and

affected the accuracy of the reports, for it is seldom that a botanist

t
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is equipped to do careful work in organic chemistry. Currie

('17) stated that citric acid might yield oxalic acid in the course

of metabolism, and my own work leads to the same conclusion,

nor is it surprising that a fungus which normally produces oxalic

acid from sugars should produce it from citric acid.

There seems to be a general agreement among bacteriologists

that carbonates are formed by certain bacteria from the salts of

organic acids and that this accounts for the increasing alkalinity

of the solution. Maasen ('96) reported this finding for various

bacteria and even went so far as to show how the citric and other

acids were decomposed to form carbonates as end products.

Ayers and Rupp ('18), Wolf ('22), and others confirm these find-

ings. Wolf ( '22) explained the reversal of reaction of B. diphtheriae

cultures by the formation of alkali carbonates and gave figures

for the amounts of CO* obtained from cultures of various ages

as confirmatory proof. A critical examination of the data and the

reactions involved would seem to indicate that this explanation

might empirically delineate the situation, yet what actually

happens is that the carbonates are formed as a result of the in-

creasing alkalinity of the solution and as a consequence are a

result and not a cause. Cultures of fungi were shown to produce

an alkalinity as great as that produced by B. diphtheriae (see

Penicillium stoloniferum and P. sp.) without carbonates being

detectable in any appreciable amount. An inspection of the

various equilibria involved may explain the situation.

H*CO» dissociates in two stages according to the following

two equations:

+
(1) H,CO,!;H + +HC07
(2) HCO, tZ H+ + C07"

Blasdale ('18) gives the dissociation constant (k) for the firsl

equation as 3 X 10~ 7

, and for the second equation as 3 X 10"

However, HiCOi is not stable in acid solution but decomposes t(

form HjO and CO». An alkaline carbonate, such as NajCO,

reacts according to the following equations when acid is added

(3) Na,CO, + HC1 U NaCl + NaHCO,

(4) NaHCO, + HC1 !~ NaCl + HsCO,

(5) H,CO, 5 H,0 + CO,
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As the reaction proceeds to the right in equation (3) the true end
point would be indicated by the dissociation constant for HCOi
(equation (2) ) and that for equation (4) by the dissociation

constant for H,CO,, but H,CO, instead of dissociating at a high
acidity as H+ and HCOr decomposes to form H,0 and CO, and
so does not accumulate in the solution as the free acid. Now if

we reverse the scheme and pass CO* into a solution the amount
of CO2 retained by the solution is dependent entirely upon the

acidity, both total and actual, of the solution. From the dis-

sociation constant for HCO„ 3 X lO
-11

, we find that the PH
is about 5.3. On the acid side of this point the amount of CO,
retained would be very small unless, according to Clark ('20),

carbonates were used as buffers. On the alkaline side of 5.3,

CO, would be absorbed in proportion to the total alkalinity

present and carbonates would be formed (total alkalinity

determined by titrating with an indicator that changes at
PH 5.3).

Consider now the situation when the salt of an organic acid

such as citric acid is added to the solution and the solution left

in an alkaline condit ion, assuming that the salt is sodium citrate.

As the citrate radical is oxidized to CO,, H,0, etc., there is a con-

sequent accumulation of Na ions in the solution, since the Na
cannot be respired into the atmosphere and since it is exceedingly
unlikely that it can all be absorbed into the organism and be neu-
tralized. Consequently the assumption would be that in order to

keep a proper degree of acidity in the protoplasmic mass it is

excluded from entering in more than small quantities into the
organism. The natural effect of this accumulation of the alkaline

ions is the tl end in the alkaline direction. Under these conditions

the CO, respired by the bacteria is neutralized with the consequent
formation of carbonates, the kind and amount depending directly

on the free basic ions, the process beina one of neutralization.

There the idea of

and others that carbonates per se are split off from the acid
molecule; the obvious and direct explanation is that the CO, of

respiration is neutralized by the basic ions resulting from the
metabolism of the bacteria. Nor would it even be necessary for

metallic ions to be present since some of the organic bases might
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serve as well where the release of C02 is slow and takes place in

the solution.

There is perhaps no ultimate difference between saying that

a bacterium produces carbonates and finding carbonates formed

by the neutralization of C02 ,
yet there is considerable actual

difference when the intimation goes with it that organic salts are

"fermented" to form carbonates instead of C02 and H20. If

we are to consider carbonates as products of metabolism then

we must consider that H2CO»and not Cd and H2 are the pro-

ducts of respiration of most organisms and that it is only the

environment which breaks up the acid into C02 and H,0.

In considering the case of certain fungi using organic acids, we
find these organisms growing in a medium too acid for the fixation

of COi. As the course of active metabolism nears a close the

solution rapidly becomes alkaline (see experimental results),

yet not even traces of carbonates can be detected by ordinary

methods. The reasons for this are probably two-fold. The fungus

has used the free acid first, then the acid salts, leaving only the

alkaline salts which, owing to the alkalinity of the solution, are

metabolized with difficulty and the C02 given off by the fungous

mat falls to a very low figure, and probably almost stops when
even moderate alkalinity is reached. The C02 that continues to

be given off is that resulting from the autolysis of the fungous

mat but this is in large measure passed off into the air. So slowly

is the CO2 given off at this stage that the gradient through the

stopper to the outer atmosphere is probably sufficient to prevent

the accumulation of any considerable C02 tension in the atmos-

phere of the flask. Weakly alkaline solutions do not greedily

absorb C02 from the air. Undoubtedly the use of a sensitive

apparatus for the determination of small quantities of COi and
carbonates, such as that used in determinations with blood,

would show considerable CO* evolved from these alkaline cultures

upon the addition of acid in comparison with that which could

be detected in the original solution. It is equally obvious that the

amount of C02 present in the culture solution of a fungus which

has ceased to consume the carbohydrate, due to the increasing

alkalinity of the medium, will never equal the amount produced

by bacteria growing in the solution and continuing active de-
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struction of the acid anion, with the consequent release of basic

cations to be neutralized. Instead of being the cause of increasing

alkalinity, the neutralization of these basic ions by C0a is in all

probability a means of keeping the solution from becoming even

more alkaline than it ordinarily does.

The process of formation of intermediate metabolic products

from citrates is very obscure. The formula of citric acid is suf-

ficiently complex to permit of considerable adaptation to oxida-

tion, and a few directions which such processes might follow will

be indicated.

Citric and malic acids are closely allied in structure and re-

actions.

CBLCOOH

Citric acid C(0H).C00H

CH,.COOH

CH(0H).C00H
Malic acid

CH,.COOH

It is probable that the substituted OH group in these acids is

the path of easy chemical access to the citrate and malate mole-

cules. As was previously noted in connection with the oxidation

of the various acids, succinic acid was not oxidizable either by
permanganate or chromic acid, while malic (hydroxy-succinic)

and tartaric (di-hydroxy-succinic) were readily oxidized by both

substances, as is citric acid, which has a similar substitution.

Likewise, benzoic acid and phenol are oxidizable with difficulty,

whereas resorcin and phlorogluein are readily oxidized. More-

over, it is a general tenet of organic chemistry that compounds
containing substituted hydroxy groups are less stable usually

than the unsubstituted compound.

Sando and Bartlett ('21) pointed out that malic acid in ex-

tracted fruit juices breaks down spontaneously in the presence

of toluol and chloroform to form succinic acid. Citric acid under

the same conditions might be expected to form tri-carballylic

acid. Both succinic and tri-carballylic acids, especially the
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latter, are difficult to identify positively in small quantities.

The formation of these 2 easily oxidized, hydroxy acids in such
large quantities by plants, instead of the unsubstituted acids, is

probably quite significant, and would class these compounds as

storage products rather than as ultimate waste products.

It would be expected, in view of the ease with which citric

acid is oxidized to acetonedicarbonic acid, that acetone might
readily be a product of metabolism, That this may actually be
the case in some instances was indicated by the fact that a dis-

tillate giving a profuse iodoform test in the cold was obtained

from a culture solution of Diplodia natalensis.

The general indications are that CH3COOH, C*H 6OH, and
other alcohols are produced under conditions where the 0» supply

is insufficient. The case of isopropyl alcohol and butyric acid is

not well established, but it would seem probable that if one were
formed the other might be formed also. However, such a sp] itting

of the citrate molecule would apparently furnish little energy to

the organism.

Miscellaneous Chemical Methods

TOTAL ORTITRATABLE ACIDITY

Sodium hydroxide and phenolphthalein were used for the

titration of culture media. In part of the work the samples were
aerated with CO,-free air before titration, but comparison of

aerated and unaerated samples showed so little difference that the

procedure was abandoned. Titrations were carried to a strong

pink color, since, according to Merck's handbook, both oxalic

and citric acids are completely neutralized by this procedure.

In so far as this method was applied to culture solutions it must
also be noted that any KH,PO< present in the solution would
be titrated to KJIPO*.

In some of the work the amount of citrate was roughly esti-

mated by titration with HC1, using thymol blue as indicator.

Thymol blue changes from yellow to pinkish orange as the PH
changes from 1.8 to 2.0, but the end point is uncertain even

when blanks of free citric acid and the indicator are used. This

is especially the case when ammonium salts are present in the

solution.
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HYDROGEN-IONCONCENTRATION

The PH of the solutions used was determined colorimetrically,

using the Clark ('20) series of buffers and indicators.

REDUCINGSUGARS

Dextrose was used throughout this work, and quantitative

determinations were made by the Shaffer and Hartmann ('21)

method, using the adaptation of Fehling's solution.

OXALIC ACID

For either the qualitative or quantitative determination of

oxalic acid the precipitation with calcium acetate in a hot solution

acidified with CH.COOHas described by Leffmann ('17) was

made use of. The precipitate from the acidified solution was

dissolved in H2SO< and tested qualitatively with KMnO<and

Mn02 or determined quantitatively by titration with standard-

ized KMn04 .

THE DETERMINATIONOF TOTAL CARBON

It was found desirable to have a means for determining with

rapidity the total carbon in the culture solutions used. This

involved the oxidation of dextrose, citric acid (peptone in a few

instances), and any metabolic derivatives of these substances.

A number of dry combustion methods were examined, but besides

being complicated and slow required too much equipment. A
wet combustion method as sometimes used for carbon determi-

nations in soil and steel seemed more feasible, while the method of

Friedeman ('21) seemed to fill the need very satisfactorily.

Since Friedeman 's work has not been published, a brief account

of the method will be included, together with data as to its appli-

cation and accuracy in physiological work. 1

Chemistry of the method. —Oxidation by chromic and sulphuric

acids in the presence of HJPO* is made use of in this method.

The CO, formed when the reaction mixture is heated is aerated

over into a modified Truog ('15) absorption tower and absorbed

1 The writer is especially indebted to Mr. Friedeman for personal aid in the working

up of the method and apparatus used, and for advice on the chemistry involved in

its utilization in this line of work.
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there with NaOH. In the original method Ba(OH), was used to

absorb the CO* but NaOHwas found more satisfactory, being

less difficult to handle in the air and forming no precipitate in

the tower. BaCI, is added just before titration and the excess

NaOH titrated in the presence of the precipitated carbonate

according to the method of Bear and Salter ('16). The end
point of the titration is very sharp but a little slow due to adsorp-

tion of the indicator by the particles of the precipitate. The
difference between the titration of a blank on the chemicals and
the titration of the determination represents CO,, 1 cc. of 0.5

N HC1 being equivalent to 3 mgms. of carbon. Concerning the

technical chemistry of the method the reader is referred to Friede-

man's work.

Apparatus. —A single unit of the apparatus is shown in fig. 1,

and in pi. 14 is shown the equipment used, which included 4 such
units. The figure and plate are largely self-explanatory. The
tower (F) is made of glass tubing 25 mm. in internal diameter

blown on to tubing of 5-6 mm. internal diameter. The length

from "a" to "b" is 45-50 cm. and from "b" to "c" 30 cm. A
perforated porcelain filter plate is placed at "b" and the tower
filled about two-thirds full of glass beads ( one 4-mm. perforated

bead to two 3-mm. solid beads). When the joints are closed and
suction applied liquid in E is drawn up over the beads in F.

Carbon dioxide-free air is supplied by a soda-lime tower and the

aeration tube for B should be of very small diameter, drawn
down at the tip and bent as in fig. 1 to prevent the solution bac Ic-

ing up into the tube during heating. The suction must be steady

and a Richards pump was found very desirable; the bubbler G
aids in keeping the suction steady, and, the addition of a drop of

alkali and a drop of phenolphthalein indicates whether any CO,
is being carried over from the absorption tower.

Reagents. —The following reagents are necessary : an oxidizing

mixture, consisting of 340 gms. of chromic acid crystals (chromic

trioxide) dissolved in 600 cc. of hot distilled water and diluted

to 1 liter with syrupy H,P0 4 ; syrupy H,PO«, 85 per cent, a good
commercial grade; cone. H,S0 4 , 1.84 sp. gr., a good commercial
grade; 0.5 N NaOH; 0.5 N HC1, standardized to be used for

titration; BaCl,.2H,0, 75 gms. per 500 cc. of solution (rough
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weight), 10 cc. of this solution being equivalent to 25 cc. of the

0.5 N NaOH.

kw Fig. 1. Diagram of carbon analysis apparatus: A, separatory funnel; B,

Kjeldahl flask; C, condenser; Z>, gas wash bottle; E, 600-CC. Florence flask; F,

absorption tower; (?, bubbler or trap.

Procedure. —Pipette into the Kjeldahl fla ;k an amount of

^ms. of carbon

,gh distilled H2 to make a volume of 50 cc. and a fe

Add
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beads to prevent bumping. Attach the flask to the apparatus,

make all the connections air-tight, and aerate briskly for 5 minutes

to free the apparatus from C02 . Close the pinch-cock at "a",

loosen the rubber stopper at "d", and raise the tower enough to

permit pipetting in 50 cc. of NaOH(25 cc. if only a small amount
of carbon is present). Connect again and start aerating steadily.

The solution automatically rises in the tower and covers the beads.

Start the water running through the condensers. Add 10 cc.

of the oxidizing solution through the separatory funnel A and

follow it with 25 cc. of H2P0 4 and 25 cc. of H2SO«. Heat cauti-

ously with a low flame until the reaction mixture boils, to avoid

forcing the solution back into the aeration tube. Continue

boiling and aeration for 30 minutes, cut off the heat, aerate briskly

for 5 minutes, then cut off the suction and raise the tower and

fix it in a clamp so that it drains into the flask E. Wash the tower

with small quantities of distilled water, using a total of 250 cc.

and allowing a few seconds for draining after each addition.

This method of washing removes practically all the NaOHto

the flask E, it being less difficult to free the tower of alkali when
NaOHis used than when Ba(OH) 2 , as in the original method,

since there is no precipitate of BaCOi to hold back the solution.

Add 20 cc. of the BaCl 2 solution and 1 cc. phenolphthalein

and titrate. The difference between the titration of the determi-

nation and that of a blank gives the amount of HC1 equivalent

to carbon.

Efficiency of the method. —Both Friedeman ('21) and Schollen-

berger (

?

16) gave data to indicate that this method of oxidation

as applied to soils gave results approximating very closely those

given by the usual dry combustion methods. Friedeman ?

s ('21)

figures on the combustion of cane sugar by his method indicated

about 98 per cent oxidation as compared with figures by the dry

combustion method. The writer was not equipped to carry out

dry combustions but combustions by the Friedeman method were

carried out on a number of solutions made up by weight as accu-

rately as possible and then checked by other methods. The figures

for the percentage of oxidation on duplicate determinations were

as follows:
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Dextrose 100 per cent

Citric acid 99.8 per cent

Oxalic acid 98 . 1 per cent

Malic acid 97 .5 per cent

Tartaric acid 99 . 3 per cent

The above figures are only indicative of the general efficiency

of the method, since it is very difficult to obtain some of the

above acids in a pure state or to prepare accurately known solu-

tions by ordinary methods. Some of the readily volatile sub-

stances, such as acetic acid and the lighter alcohols, are not

oxidized by this method, and whether this is due to their volatili-

zation or to their natural resistance to such an oxidation is

undecided. Succinic acid is likewise unoxidized, possibly due
to the formation of the stable succinic anhydride. It will be

found, however, that the common fruit acids and sugars yield

results of a good grade of accuracy by this method.

Experimental Work

THE FUNGI EMPLOYED

In carrying out the physiological work reported here a con-

siderable number of fungi was used. Someof the cultures proved

to be poorly adapted to culture work or too irregular in growth

on artificial media and had to be abandoned, e. g., Pythiacystis

citrophthora which failed to grow consistently in any liquid

medium, and Oospora Citri-aurantii which was found very

interesting but impracticable to use, due to the fact that no
mat is formed, the growth breaking up to form a fine sediment.

Some of the cultures were not obtained until the work was
well under way and others failed to respond satisfactorily at

various times; thus, in numerous phases of the work complete

data on some of the fungi are lacking. A satisfactory culture

of Penicillium italicum was never obtained, the culture used early

in the work being so attenuated that it refused to infect oranges,

and another used for a time as P. italicum proving later to be a

different species (so identified by Dr. Thorn). Nor was P. itali-

cum found on rotting fruit in the St. Louis market during the

winter. This was a disappointment since this fungus is un-
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doubtedly an important one in the rotting of citrus fruits. The

examination of a considerable amount of decayed fruit in ship-

ments from Florida and California indicated that this fungus

may not be as common in the winter as at other times, and that

there are other fungi of this group with blue-green or green

spores which may be at times mistaken for it. The organisms

used in the work are reported upon below:

Penicillium stoloniferum Thorn. —This fungus was sent by

Dr. Fawcett of the Citrus Experiment Station of California.

It had been isolated from rotting citrus fruit and was thought

to be P. digitatum at the time, but it was later identified by Dr.

Thorn as P. stoloniferum. The habitat given by Thorn ('10) is

decaying Polypores and Boleti, but the fungus was found by the

writer on decaying masses of citrus fruits. The culture was

found infective to a certain degree, and it readily attacked lemons

or oranges which had been partially rotted by other fungi. It

probably does not constitute a primary agent in the infection of

these fruits under ordinary conditions, but is of secondary import-

ance, bringing about a final destructive rot. It grew well on

most synthetic media, tolerated high acidity, used citric acid

readily, and usually produced an alkaline reaction in the medium.

The spores are considerably smaller than those of P. digitatum

and the spore masses do not have the same olive-green color.

Penicillium sp. —This fungus together with the one just dis-

cussed, was sent to Dr. Thorn, for it had been thought that this

might be P. italicum, although the spores were considerably

smaller than those described for that fungus. Dr. Thorn stated

that it was not related to P. italicum and that he could not name

it definitely. Its growth on most media was blue-green to gray

and very vigorous. It grew well on synthetic media, used citric

acid readily, and usually produced an alkaline reaction in the

culture medium. In general its reactions were very similar to

those of P. stoloniferum.

Penicillium digitatum Sacc. —This fungus is well known as the

cause of a destructive rot of lemons often seen in the market.

It was a poor organism for cultural work since it did not grow

well unless peptone was supplied as a source of nitrogen. It

used citric acid, but in a fermentative way, since there was no
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weight increase when this reagent was added to the medium.

It is one of the commonest of the citrus fruit-rotting fungi on the

market and can be easily distinguished by the olive-green color

and large size of the spores.

Aspergillus sp. —This fungus was reported by Dr. Fawcett as

rotting fruit at 27°, 30°, and 34° C. In spore size and the structure

of the spore-bearing heads it corresponds with A. niger, but the

spores in mass appeared first cinnamon-brown and then dark

brown, and rarely if ever were dark enough to be considered black.

It grew readily in most media, using the ordinary inorganic

nitrogen sources. It also produced acid under certain conditions

but apparently not so abundantly as the true A. niger. It may be

a strain of A. niger or of a closely related species.

Diplodia nataletisis Evans. —Cultures of this fungus were also

furnished by Dr. Fawcett. The fungus grew well on most of the

common synthetic media, forming a black, carbonaceous mat of

close texture, but it did not form pycnidia readily. After growth

the culture solution was dark colored, a deep red as the fungus

matured, but if citric acid salts had been added this color was

lessened. This fungus was originally reported from South Africa,

where it caused a black rot of citrus fruits, and Fawcett ('15)

later reported the fungus from Cuba, on grapefruit.

Alternaria Citri Pierce. —This fungus was also furnished by
Dr. Fawcett. It was a slow-grower on most media, taking more
than 20 days to come to a maximum growth. It produced spores

very sparsely and did not grow at a high acidity. This fungus

was originally described by Pierce ('02) as the cause of black

rot of navel oranges, but the description was short and the inoc-

ulation data incomplete. Later, Patterson, Charles, and Veih-

meyer ( '10) reported a Stemphylium isolated from oranges affected

with black rot. No further work has been reported in connection

with the pathogenicity of this organism. This fungus will be

contrasted with the next one mentioned; in regard to cultural

characters.

Alternaria sp.—On the local market I found lemons apparently

rotting with a typical brown rot, but in attempting to isolate

Pythiacyslis from these an Alternaria was frequently found. Vari-

ous cultures of this organism were obtained and compared with
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Alternaria Citri Pierce. The cultural characters were not greatly

different, and the differences might well be interpreted as due to

the development of the fungus in a different environment.

The spores of this Alternaria were consistently larger than those

from the culture of Alternaria Citri and yet the spore sizes of

both fell inside the limits prescribed by Pierce (

?

02). A brief

comparison of the cultural characteristics of these two cultures

is given below and checked against the description by Pierce

Spores. —The spores of the culture of A. Citri used were few in

number, and within the limits of 11-22 X 5.5-8.2 fx in a large number
of spores measured from various transfers. The spores exhibited 1-3
cross-walls, were light brown to dark brown, and in chains of 2 or
3. Germination was slow and the percentage of germination low.
The spores of Alternaria sp. were numerous and within the limits
23.3-35.7 X 8.2-13.2 [x. There were 1-7 cells divided off by longi-
tudinal as well as transverse walls, dark brown in color, and when
viewed in position in a Petri dish culture were seen to be in long branch-
ing chains. These spores germinated readily in 24 hours at Ph 3.0,

in 31 hours at Ph 2.7, and a few germinated at Ph 2.5. Pierce ('02)

gave the dimensions of spores as 10-22 X 8-15 to 25-40 X 15-25 (x,

3-6-septate. dark olive-brown, and 3-6-catenulate. These limits

would include both of the cultures used by the writer.

Cultural characteristics. —A. Citri was a slow-growing species, not
doing well on inorganic nitrogen sources. On solid media (agar) it

formed a nearly circular colony showing marked radiate growth
with little or no aerial mycelium. The colony appeared black on
both sides except for the white, growing edge. In liquid media
the mat was white, growing in the solution. Alternaria sp. was a
profuse grower as compared with the A. Citri culture used. On agar
plates the culture was black when viewed on the reverse side,

with a narrow white edge, and it was decidedly zonate. The upper
surface was covered with white to gray aerial mycelium. Under such
conditions spores were sometimes produced profusely and at other
times almost not at all. The amount of aerial growth was likewise
irregular, weather conditions, i. e., temperature and humidity, ap-
parently being the deciding factors. Older cultures produced fewer
spores, indicating that the failure of the A. Citri culture might be due
to too long a period in culture. In liquid media the mat tended to
become pinkish, where there was a good supply of carbohydrate, and
later dark. The mat grew in the solution.

Pathogenicity. —When inoculated into ripe, sterile lemons A. Citri

produced, in some instances, a small rotted area limited to the rag,

but in some of these rotted areas there were signs of contamination.
On inoculation, by cutting into the rind and inserting mycelium,
Alternaria sp. produced a definite rot limited largely to the rag and
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carpel walls which were completely digested. On the surface there

was a dark central area surrounded by a brown area shading to pink

at the outer edges. This fungus also attacked the damp cotton upon

which the sterilized lemons had been placed and digested it rapidly

in spite of the fact that it had only been wet with sterile, distilled water.

Cultures of these fungi were sent to Mrs. Patterson, of the

Office of Pathological Collections, Bureau of Plant Industry, and

examined there by Miss Jenkins, who was of the opinion that

they might represent different species. Subsequently it was

learned that the various California species of AUemaria were

being studied at the Citrus Experiment Station, Riverside, so

no further identification work was carried out.

Phomopsis Citri Fawcett. —This culture was furnished by Dr.

isolated fromFawcett, while later cultures were easily

oranges from Florida. The fungus did not grow well in most

liquid media as it grew in the solution instead of forming a mat

on the surface. Due to this habit of growth, it probably obtained

insufficient oxygen in liquid culture, this being indicated by the

of 5 of

large amount of the rotting of oranges shipped from the Florida

district. It did not grow at high acidity nor did it rot lemons.

Sclcrotinia Libert iana Fuckel. —Selerotia of this

B

obtained from Professor Home of the University of California

Agricultural Experiment Station. The selerotia germinated

readily, but this fungus was found to be very erratic in culture.

In the presence of peptone it usually grew well in liquid media,

but with inorganic nitrogen the growth tended to be scant and th

formation of selerotia occurred very early in the period of growth.

This is the cause of the so-called "cottony rot" of lemons which

occurs chiefly in the packed crates of fruit.

In order to facilitate the making of tables and the discussion

of results the organisms used will usually be referred to by number

as follows:

2. Penicillium stoloniferum 7. AUemaria Citri

3. Penicillium sp. 9. Aspergillus sp.

4. Diplodia natalenris 11. Sclerotinia Libertiana

5. Phomopsis Citri 14. AUemaria sp.

6. Oospora Citri- aurantii 16. Penicillium digitatum.

Cultural methods. —In carrying out the succeeding work the
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culture solution used, with one exception, was based on a solution

developed at this laboratory by Dr. Duggar. 1 The final concentra-

tions of chemicals were as follows: M/4 dextrose, M/5 KNOf ,

M/20 KHJPO*, M/100 MgSO, and a trace of FePO,. For obtain-

ing these dilutions the following stock solutions were used : M/2
dextrose, M/l KN03 , M/4 KH,PO„ M/10 MgSO<, and M/1000
FePO<. For 50 cc. of medium the following amounts of these

solutions were used: 25 cc. dextrose, 10 cc. KNO,, 10 cc. KH2PO4,
5 cc. MgS04 , and 6 drops FeP0 4 . In some instances M/l NH<NO«
or a peptone solution containing 8.8 gms. per liter and considered

as M/l for nitrogen was used instead of the KNO, solution.

Two sizes of flasks were used, 300 cc. and 100 cc, 50 cc. of medium
being used in the larger and 25 cc. in the smaller. Pyrex flasks,

frequently cleaned with chromic acid cleaning solution, were
used almost entirely. Care was taken at all times to have the

glassware scrupulously clean.

Inoculations were made into liquid culture media by the use

of spore suspensions where spores were produced. Where no
spores were produced the fungus was grown in plate culture on
potato agar, and squares about 3 mm. in dimensions, cut around
the periphery of the colony, were used for inoculation. In one

series of experiments the cultures were kept at 20° and 30° C.

but for the most part they were kept at 25° C. The latter tem-
perature is probably very near the optimum for most of the fungi

used, and it seemed the most suitable temperature as far as the

entire group was concerned. For determining the amount of

growth, the fungous mat was filtered off on a filter-naner which
had been dried C, weighed, and
labelled. The mats were weighed after a similar drying. Weights
were determined to milligrams as rapidly as possible to prevent

absorption of moisture while on the balance.

The relation of acidity to growth. —In order to gain an idea of

the limiting hydrogen-ion concentration for the growth of the

fungi used some germination and growth tests were made. In

a preliminary way spores of Penicillium stoloniferum and P. sp.

were tried in a citric acid solution containing no other nutrients.

1 A paper embracing the work from which this was taken will appear in a sub-

sequent number of the Annals.
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Spores were placed in hanging drops in Van Tieghem cells, usi ng

1, 5, and 10 per cent citric acid and checks of distilled water.

In 48 hours the distilled water controls of the Penicillium sp. had

germinated, while the P. stoloniferum spores had germinated

strongly and showed growth and branching in the 1 per cent

citric acid and only slight germination in the distilled water.

In the 5 and 10 per cent citric acid none of the spores of either

fungus germinated. Previous experience had indicated that these

2 fungi were probably the only ones which would germinate in

free citric acid.

For further study 2 solutions were made up as follows:

Solution I.

M/l KNO, 100 cc.

M/4 KII,P0 4 100 cc.

M/10 MgSO* 50 cc.

Citric acid 141 gms

Dextrose 20 gms

M/1000 FePO, 8 cc.

HaO (distilled) to make 1 liter.

Solution II.

KOH, 112.5 gms. per liter.

Solution I was approximately 2 N acid, and Solution II w
2 N alkali and consequently suitable for adjusting the reacti

of Solution I. A titration curve was constructed by placing 5 (

of Solution I in each of several test-tubes and adding varyi:

amounts of Solution II and enough distilled water to make

volume of and determining: the Ph of the

this procedure Solution I, which furnished all

diluted one-half. The results of this procedure

Alkali

added (cc.)

0.00.40 5

P 1.7j2.2|2.4

0.6 0.7:0. 80. 91. 01.1 1.2

2.5

1.41.52.02.5

2.6J2.7i2.8|2.93.03.1i3.2]3.3 3.84.1

Autoclaving these s< «lutions failed to change the PH appreciably.

Proceeding with these data, solutions of varying PH were made

up for use in germination and growth tests.

?he germination of the spores of some of the fungi was tried

by means of the hanging-drop method, following the general
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procedure of Webb ('21) and the solution just described. Solu-

tions with a PH of 3.0, 2.7, 2.5, and 2.2 were tried with checks of

sterilized, distilled water. One slide with 2 rings was used for

the control and 3 slides with 2 rings each for the solution. The
spores were mixed with a glass rod in a few drops of the solution

on a clean slide until a suspension of proper strength had been

attained and then were transferred to the cover slip. All slides

were incubated at 25° C. Where possible 3 counts were made
of each drop and the results averaged ; in some cases the germina-

tion was so heavy and rapid that it could only be estimated. A
few notes were made concerning the nature of the germination

where it seemed to be especially significant. The results of these

tests are given in table in.

TABLE III

PERCENTAGEOF GERMINATIONAT PH 3.0, 2.7, AND 2.5

Cul-

ture

Period

(hours)

H-ion concentration

3.0 2.7 2.5

Check

14

7

9

2

2

3

3

24

24

24

48

24

36

24

48

24, 25, 35

None
90 (av.)

44,75

87, 1, 25

44, 36, 25

None
57, 40, 95

None

50*

Drops overgrown

67,77

Few
100

90, 50, 75

Occasional

25, 50, 25 Occasional

0,71

23

25

* 50 per cent where spores were bunched, lower elsewhere.

Culture 9 gave such strong germination that it was difficult

to estimate the percentage, the germination being much better

where the spores were grouped together. At PH 2.5 about 50 per

cent of the bunched spores had germinated in 24 hours, while

practically none of the isolated spores had germinated,

may have been due to the collective action of the bunched

This

the Ph of the surroundin The results were extremely

ith the Penicillium

almost 100

One circle might

germination and the other

the same slide little or no germination. For PH tube method
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was used, since it was felt that the hanging-drop method was

too uncertain and might not give an actual indication of the

ability of the fungi to form a mat at any certain hydrogen-

ion concentration. Likewise this tube method offered a means

for studying those fungi which did not form spores.

Solutions were made up to PH 3.0 and 2.7 and 5-cc. amounts

pipetted into 6-inch test-tubes and autoclaved. Three tubes at

each PH were inoculated with each of the following fungi: Nos.

5, 6, 7, 11, 14, and 4, the inoculations, with the exception of

Oospora, being made from agar plates. The tubes were slanted

to allow more surface for development and were then incubated

at 25° C. The results after incubation of 10 days are given in

table iv.

TABLE IV

GROWTHIN TUBE CULTURESAT Ph 3.0 AND 2.7

No Ph3.0 Ph2.7

4

5

6

7

11

14

Beginning

Beginning

Good growth

No growth

Good growth

Beginning

Beginning, 2 tub

No growth

Good growth

No growth

Good growth

No growth

The above procedure was repeated at PH 2.5 and 2.2 and the

results are given in table v.

TABLE V

GROWTHIN TUBE CULTURESAT PH 2.5 AND 2.2

No.

2

3

9

11

16

Ph 2.5 PH 2.2

Good mat Good mat
Good mat Good mat
Clouding Clouding

Good mat Good mat
Beginning Beginning

Beginning, 1 tube No growth

The foregoing data would indicate that only 3 of the cultures

were capable of growing readily in a medium as acid as lemon

juice and with an inorganic source of nitrogen. In the case of
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Sclerotinia the situation is a little more uncertain but the fungus
would probably make some growth at this acidity. It was prob-
able also that the source of nitrogen might make some difference

and that when an organic nitrogenous compound, such as a pro-
tein, was available growth might occur at higher acidity. For
this reason the reaction of the fungi to extracted orange and lemon
juice was tried.

Oranges were peeled, the juice pressed from the pulp, the pulp
wet with distilled water and pressed again, and this pressing

added to the first. Six hundred and fifty cc. of juice were extracted

from 10 oranges in this way, filtered through cotton, and pipetted
in 25-cc. amounts into 120-cc. flasks. The PH of the juice was
3.8. All the fungi used grew well on this juice. The extracted

pulp was put in flasks after being washed until tasteless, a little

distilled water added and autoclaved. The PH of the last

washings was 4.4. These flasks were inoculated and the fungi

grew exceedingly well. The rind was minced up and put in flasks

with a little distilled water and sterilized. Organisms 2, 3, and
7 grew slowly but eventually covered the rind completely, slowly

dissolving the rag. Numbers 4, 5, 6, and 9 grew very rapidly,

quickly covered all the pieces, and brought on a destructive, de-
composition.

A lemon- juice extract was made as with the oranges, and for

one set of flasks the juice was diluted with an equal amount of

water (Solution I), theP H being 2.5. For a second set the juice

was diluted with an equal volume of distilled water to which
had been added 25 gms. of Bacto c

II), the PH being 2.5. For a third batch, 100 cc. of 0.48 NKOH
was added to 300 cc. of the diluted juice, making the acidity PH
3.9 (Solution III). These solutions were pipetted into 120-cc.

flasks, 25 cc. per flask, sterilized, and inoculated with organisms

2, 3, 4, 5, 6, 7, and 9. At the end of 10 days these were taken
down, and the titer and the weight of the mat determined. For
the results see table vi.

From the culture work reported above the fungi would seem
to fall roughly into two groups: those that grow fairly well at a
comparatively high acidity (P H 2.0-3.0), comprising organisms

2, 3, 6, 9, and possibly 11; and a group of those not growing at
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such high acidity, comprising organisms 4, 5, 7, 14, and 16.

Of these 2 groups of fungi, Nos. 4, 11, and 14 varied considerably

and were almost intermediate between the In the

of culture 4 the nitrogen source would seem to be of consid

erable im in determining the limiting acidity This

TABLE VI

GROWTHOF FUNGI ONLEMON-JUICE DECOCTION

OrganiRm

Check

2

3

4

5

7

9

Solut ion

no.

I

II

III

I

II

III

I

II

III

1

II

III

I

II

III

I

II

III

I

II

III

P

2.4

2.4

3.9

3.2

2.6

5.0

2.4

2.4

4.2

2.6

2.6

4.2

2.4

2.4

3.9

2.5

2.4

4.2

2.5

2.4

4.1

Cc.N/20KOH
per 10 cc.

32.0

34.9

28.0

20.0

28.3

7.2

32.1

34.0

16.9

23.4

22.6

12.0

27.0

27.8

16.8

24.3

30.7

18.2

24.1

25.5

23.8

.

Wgt. of mat
(mgms.)

125

164

170

No growth

79

137

36

160

179

No growth

No growth

155

No growth

No growth

77

29

54

180

division constitutes one which could be made by separating the

cultures according to parasitism. Organisms 2, 3, and 9 are little

more than saprophytes and are fungi which are secondary in

importance as far as the rotting of fruit is concerned,

fungi as Phomopsis Citri and Alternaria Citri, however, an
Such

ed ninjured
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A series of experiments was run to determine the general

relation of citric acid to metabolism. The first series was calcu-

lated to determine what fungi could profitably use citric acid

without any other source of carbohydrate being present. The
culture solution previously described was made up, but a mixture

of citric acid and potassium citrate was substituted for the dex-

trose, 8 gms. of citric acid and 12.35 gms. of potassium citrate

(equivalent to 8 gms. of citric acid) per 800 cc. of solution.

This solution was used in 100-cc. flasks, and the cultures were in

triplicate. The results after 25 days of incubation at 25° C.

are given in table vn. The weights of mats as given represent

averages of 3.

table vi I

GROWTHOF FUNGI WITH CITRATE AS SOLE SOURCEOF CARBON

No

2

3

4

6

7

11

Remarks

Solution light orange-yellow, spores

plentiful, mat gray.

No spores, mycelium white to gray,

solution yellow.

Growth with white sediment and clouding.

Just beginning growth.

Very slight aerial growth.

A second solution was made up, using the mineral nutrients

in 1/5 the usual concentration and with 1 gm. of dextrose per

liter. No citric acid was added at the start, but 200 cc. of citric

acid solution were made up, using 21 gms. of citric acid, and this

was sterilized in 10-cc. amounts in test-tubes, to be added to the

flasks after growth had begun. This amount of citric acid, on

being added to the solution in the flasks, gave 35 cc. of 3 per cent

citric acid solution. Four 100-cc. flasks were prepared for each

of the fungi used. After incubation for 8 days at 25° C. all of

the cultures were found to be showing definite growth, and 2 of

each 4 flasks inoculated with a fungus were removed to the trans-

fer room and a tube of the citric acid solution added to each

under sterile conditions. They were then returned to the incu-

bator after agitation to mix the citric acid with the rest of the
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solution. At the end of 25 days the weights of the mats were

determined, and these results are given in table vm. The weights

for mats in both the blanks and the solutions to which citric acid

was added represent the average of 2 mats.

TABLE VIII

GROWTHOF FUNGI WITH FREE CITRIC ACID

No

Blank

2

3

4

5

7

11

Mat
(mgms.)

Remarks

19

31

36

14

22

17

Solution plus citric acid

Mat
(mgms.)

Remarks

Solution orange-yellow,

spores grayish

Little growth

Complete mat formed

Solution black, some
aerial growth

107

201

32

27

32

42

Growth heavy, spore

masses greenish

Spores green, much white

aerial mycelium

Incomplete mat
All growth in solution

No aerial growth

The effect of nitrogen source on utilization of citric acid. —In

order to test the effect of various nitrogen sources on the utili-

zation of citric acid a stock solution was made up as follows:

citric acid, 157.56 gms.; potassium citrate, 162.17 gms.; dextrose,

12.5 gms.; M/1000 FePO«, 4.0 cc; and distilled H,0 to make 1

liter.

Five cc. of the above stock solution diluted

M/4 of the citrate and dextrose

th This solution had H of 4 It

used as the of carbon in the

the source of nitrogen being varied, KNOi, NELNO,, and
being used It found impossible Ca(NO,), satis-

factorily due to the fact that on sterilization calcium citrate

precipitated out, or if the nitrate was not added until after sterili-

zation, as soon as the fungus grew a little the citrate began to

due to the change The mineral

were used in 2 concentrations, as originally given and 1/5 of tl

concentration. The amount of the solution furnishing the carb

kept constant throughout the amount
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of sugar used but without the citric acid, using KNO. as nitrogen

grown in triplicate in 100-cc. flasks,source. The fungi were

and the results are found in table ix, the weights of the mats

representing averages of 3.

TABLE IX

GROWTHOF FUNGI ON CITRATE WITH VARIOUS N SOURCES

Mineral nutrients, regular cone. Mineral nutrients, ^ cone.

Daya

KNO,
[

Pep-
NH,NO, tone Blank

167 199 225 20

209 208 213 20

47 111 168 33

297 347 325 22 22

160 171 155 15 22

210 134 273 13 45

44 75 151 14 28

280 275 295 16 20

From these experiments we may draw certain general con-

clusions to be used in future culture work. None of the fungi

would make any rapid or luxuriant growth with the citrate

ion as the sole source of carbon but some would utilize it if a little

sugar was allowed at the start. Organisms 2, 3, 9, and probably
I

6, grew very well on the free citric acid, unneutralized, after they

were once started with a small amount of sugar (1 gm. per liter

was sufficient). Organisms 4, 5, 7, 11, and probably 16 (judging

from later work), would not make more than slight use of un-

neutralized citric acid even after being given a good start with

sugar, the free citric acid being probably lethal to the mycelium.

In most cases peptone was the best source of nitrogen in connec-

tion with the citrate radical, although there was no considerable

advantage over KNOi or NH«NO, in many cases, and with Dip-

lodia NH<NO»would seem to make a more favorable nitrogen

source than either peptone or KNO* In interpreting the results

where various sources of nitrogen were used it is to be noted that

Phomopsis Citri and Penicillium digitatum showed very little

use of citric acid and that Alternaria Citri showed little use in

the presence of KNOt and NH4NOi. None of these results are

to be taken as final in any sense. No culture work which only
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accounts for growth over certain fixed periods is absolutely

comparative —only growth curves plotted from frequent deter-

minations can be truly comparative.

Use of varying amounts of citric acid. —Using peptone as a source

of nitrogen a large series was run, using varying percentages of

citric acid-potassium citrate mixture. The solution used was
based on analyses of oranges and lemons given by various authors.

Using M/10 MgSO<and M/5 KHJXX, the following solution

was used: KH,PO«, 300 cc; MgSO,, 30 cc; peptone, 30 gms.;

dextrose, 15 gms.; M/1000 FePO«, trace; distilled H,0 to make
1 liter. This was diluted to make V/i liters, this dilution allowing

for the addition of the citric acid mixture. The citric acid solution

contained 0.25 gm. per cc. and the PH was adjusted by the use

of a solution of potassium citrate equivalent to the acid solution

in citrate ion. Using varying amounts of the citric acid and potas-

sium citrate solution, titration curves were made for solutions

containing 2^j and 5 per cent of the citrate radical; and another

series of curves was constructed for the titration of the culture

solution with citric and hydrochloric acids. From these data

solutions were made up to PH 3.0 and 4.5, using 3 different con-

centrations of acid, that is, 2J^ and 5 per cent citric acid (citrate

radical), just sufficient citric acid to obtain the desired PH , and a

check solution with just enough ITC1 to obtain the desired hydro-

gen-ion concentration. The fungi were grown in triplicate in 2

temperatures, that is, 18-20° C. and 30° C. At the end of varying

periods, depending on the speed with which the fungus grew, the

weights of the mats and the PH of the culture solution were deter-

mined. The concentration of the dextrose was rather small

(10 gms. per liter), and the fungi were dependent ehiefly upon
the citrate-citric acid mixture for carbonaceous material. The
results are given in table x, the weights representing averages of

triplicate cultures.

In considering the results shown in table x certain factors in

regard to the solution must be kept in mind. The weights for

the HC1 blanks probably do not represent the maximum weight

attained, the maximum in most instances probably coming before

the cultures were taken down. This loss of weight by autolysis

was probably not very great in any case except in that of Sclero-
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tinia, the mats for this fungus being left for a long period due to

slow growth in the citrate solution. The increasing amounts

TABLE X
GROWTHOF FUNGI IN MGMS.ON VARYING PERCENTAGESOF CITRATE

Acidifying

agent

HC1
Cit. Ac.

2J^% cit.

5% cit.

HC1
Cit. Ac.

2V*% cit

5% cit.

HC1
Cit. Ac.

2)4% cit.

5% cit.

20° C.

Ph3.0 Ph4.5

30° C.

PR 3.0

PH Mat PH Mat P Mat

Culture 2-12 days

Culture 3-12 days

Culture 9-12 days

.Pa 4.5

P Mat

7.6 189 7.0 168 3.8 25 6.0

6.9 218 7.3 203 3.4 —

.

4.5

6.8 330 6.9 332 3.3 135 4.6

6.7 444 7.0 447 3.4 45 6.6

156

185

353

7.3 225 7.2 231 3.9 6.9

? 257 7.5 223 3.7 47 4.5

? 393 8.1 365 3.0 4.7

5.7 544 7.9
1

475 3.1 59 4.7

178

78

162

6.4 220
-

4.6 211 6.2 178 6.4

5.7 359 5.7 224 6.5 235 6.4

6.2 429 5.9 414 6.1 345 6.4

4.6 649 6.6 511 6.1 487 6.4

171

210

303

404

UC1
Cit. Ac.

2V2 %cit.

h% cit.

Culture 4-12 days

HC1 4.0 210 7.2 305 7.5 256 7.6 246

Cit. Ac. 3.6 221 7.2 305 7.5 280 7.9 228

2V2 %cit. 3.3 92 5.0 316 4.6 303 7.4 328

5% cit. 3.2 — 4.7 329 3.0 7.4 396

Culture 7-18 days

HCl 3.0

Cit. Ac. 3.4

2V2 %cit. 3.2

5% cit. 3.0

8.1 168 3.0 7.4 127

7.0 215 3.0 8.1 170

4.4 134 3.0 immm 6.4 334

4.5 102
4

3.0 4.4 397

Culture 11-43 days

6.6 90 6.0 99 4.4 157 4.6

6.6 176 6.3 104 5.0 183 5.2

6.3 212 6.6 193 4.5 171 5.1

3.1 300 4.4 146 3.2
1

4.8

33

51

128

288

of citrate radical in the solutions represent more than an i

amount of carbohydrate material and increasing osmotic
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in addition they represent an extremely strong buffer. Thus if

the optimum for a fungus is PH 4.5 and it is inoculated into a

medium adjusted to Pu 3.0 the amount of buffering in the solution

is likely to be a factor in the end result. On the other hand, if

the H-ion concentration of the solution into which the fungus

is inoculated is near the optimum of that for the fungus, then the

highly buffered solution will maintain an optimum condition

longer against the production of acid or alkali than will the un-

buffered solution. In the case of organism No. 4 at PH 3.0, the

growth became less as the amount of citrate radical was increased,

when incubated at 20° C, but at 30° C. the growth increased up
to the 2Yl per cent concentration, the fungus not growing at all

in the 5 per cent concentration. That this was most likely a

case of buffer action maintaining an unfavorable reaction is

indicated by the final hydrogen-ion concentrations. At 30° C.

this concentration varied from PH 7.5 to PH 3.0. At the former

concentration the fungus grew, while at the latter it had not

grown and the PH was unchanged. That the amount of citrate

radical is not in itself the factor that decides whether the fungus

will or will not grow is shown at PH 4.5 where the growth increased

progressively with the amount of the citrate radical added. The
results for several of the fungi indicated clearly that the ability

of a fungus to grow at a certain PH is not based entirely on the

hydrogen-ion concentration and nutrients but that temperature
and other environmental conditions are vital factors to be con-

sidered as well as the case with which the PH of the solution can
be shifted. Organism No. 2 grew well in all of the solutions at
20° C. and about equally well at PH 3.0 and 4.5, but at 30° C. it

grew very little at PH 3.0 and well at 4.5. Organisms 4 and 9

were the only ones that grew satisfactorily at 30° C.

The use of free citric acid. —Further data on the ability of the

various fungi to utilize free citric acid were obtained by using a
fermentative method. The fungi were grown in 300-cc. flasks

until they had formed a substantial mat but had not yet reached
the peak of growth. The solutions to be tried— a sugar solution

and a citric acid of mineral
nutrients, were sterilized in 50-cc. amounts in 120-cc. flasks.

After the mat was formed the solution was poured off under aseptic
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conditions, 50 cc. of sterile distilled water were added to the mat,
allowed to stand 5 minutes, then poured off and added to the

culture solution first removed. The 50 cc. of the sterile solution

in the 120-cc. flask was then poured into 'the 300-cc. flask with

the culture. All manipulations were carried out as carefully as

possible, and care was taken to wet the top of the mat as little

as possible when adding the water and the new solution. Pyrex
flasks were used for the mats so that the necks could be flamed

freely to avoid contamination. Three solutions containing 3

different nitrogen compounds, E^NOi, NH4NO,, and Ca(NO,),,

were used for comparison. The PH of the combined solution

and washings was determined and the solution used for this deter-

mination returned to the flask and the titer of the solution deter-

mined, using N/10 NaOHand phenolphthalein.

The solution used for the growth of the fungi was the regular

solution diluted, the following concentrations being used:

dextrose,. 25 gms.; KNO„ 40 cc; KH,PO<, 40 cc; MgSO„ 20 cc;

FePOi, trace; HaO to make 1 liter.

The sugar solution tried fermentatively contained: dextrose,

25 gms.; N source (KNO„ NrLNO,, or Ca(NO,),), 25 cc; KH,-
PO4, 10 cc; MgSO<, 5 cc; FePO,, trace; H,0 to make 1 liter.

This solution was adjusted to an acidity of PH 2.5 with HC1
before sterilization. The citric acid solution was the same as the

sugar solution except that 25 gms. of citric acid were substituted

for the dextrose. The schedule of changes to which each of the

3 mats of each fungus was subjected was as follows:

Mat 1. KNO,*-dex.-*KNOrcit.->Ca(NO,)r-dex.->Ca(NO,)r-
cit.

i

Mat 2. NH4-dex.-»NH 4-cit.->KNO,-dex.-^KNO,-cit.

Mat 3. ^Ca(NO,) s-cit.->NH <-dex.-^NH 4-cit.

It must be remembered that there must always be a slight

difference between the blank of the solution and the solution

removed from the fungous mat, even if there has been no reaction

on the part of the fungus, since it is manifestly impossible to

wash the mat completely free of the solution without unduly
exposing it to contamination.

* The solutions will be differentiated as far as the nitrogen source is concerned by
indicating the cation of the compound used, i. e., "Ca-dex"for "Ca(NO»)2-dextrose."
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The data concerning the solution in which the mats were

grown is given in table xi. It will be noted that 1 flask of each

3 was permitted to grow an additional period of 6 days, the

original inoculations all being made on the same date.

TABLE XI

HYDROGEN-IONCONCENTRATIONAND TITER OF CULTURE SOLUTION
AFTER GROWTHOF FUNGOUSMATS

Organism Ph Cc. N/10 NaOII Period (days)

Blank 4.4 5.15 8*

4 6.5 2.35 8*

4 6.8 1.4 14

9 1.8 57.5 8

9 2.1 37.7 14

2 7.5 1.05 9

2 7.8 15

3 5.4 6 25 9

3 6.7 1.2 15

T 6.4 3.05 10

7 6.8 2.0 16

11 5.0 5.12 10

11 5.0 8.5 16

* Data for the shorter periods represent averages of two cultures, for the longer

periods one culture.

The results of the fermentation of the sugar solutions are given

in table xn. These solutions were run in 2 separate series. The
first series included KNO»and NH4NOi as nitrogen sources and

the second series, which followed after the first citric acid series,

contained all 3 nitrogen sources. The solutions are listed accord-

ing to the cation of the nitrogen-containing compound.

The results obtained when using the citric acid solution are

given in table xin. The 9-day series was run after the first

sugar series and the 5-day series after the second sugar series.

A survey of the data in tables xi, xn, and xin shows consid-

erable variation among the fungi used, and these variations indi-

cate in some measure the kind of reaction favorable to such a

fungus. Diplodia produced more acid from sugar in the presence

of NH<NO»than when KNO* and Ca(NO,) 2 were used, but in

the case of Aspergillus sp. the most acid was found when KNOi
was used. In the presence of KN03 the final titration of organism
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4 (table xn) was less than the titration of the blank, while in the
]

case of organism 9 all titrations on sugar media were more than

TABLE XII

HYDROGEN-IONCONCENTRATIONAND TITER OF DEXTROSESOLUTION
AFTER FERMENTATIONBY VARIOUS FUNGI

Organism Solution Ph Cc. N/10
NaOH

Period of fer-

mentation (days)

Blank Ca 2.5 4.0

K 2.5 4.0

NH4 2.5 4.6

K 6.9 l.i 6

NH4 2.1 9.2 6

2 Ca 7.2 1.0 3

K 6.7 0.4 3

NH4 2.4 4.5 3

K 5.2 2.3 6

NH4 6.5 1.7 6

3 Ca 7.4 0.8 3

K 7.2 0.3 3

NH4 4.4 3.2 3

K 6.8 0.95 6

NH4 2.2 7.3 6

4 Ca
K

4.2 5.2 3

NH4 2.4 21.75 3

7 K 7.0 0.8 6

NH4 4.2 2.1 6

K 2.1 13.5 6

NH4 2.9 8.9 6

Ca 2.7 6.6 3

K 2.2 18.35 3

NH4 2.0 8.35 3

K 6.0 1.1 6

NH4 2.1 10.3
1 »

6

11 Ca
K

6.8 0.7 3

NH4 2.2 11.1 3

the blank. With the exception of Penicillium stoloniferum, in

the presence of NHUNO,, no titration of the culture solutions of
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TABLE XIII
HYDROGEN-IONCONCENTRATIONAND TITER OF CITRIC ACID SOLUTION

AFTER FERMENTATIONBY VARIOUSFUNGI

Organism

Blank

2

3

4

7

-

11

Solution

Ca
K
NH4

Ca
K
NH4

Ca
K
NH«

Ca
K
NH4

Ca
K
NH4

Ca
K
NH4

Ca
NH4

Ca
K
NH
Ca*

Ca
K
NIL
Ca
K
NH4

Ca
K
NIL
Ca
NH4

PH

8.2

8.2

7.6

7.8

7.9

7.5

8.2

7.9

8.0

7.4

8.0

2.8

2.4

2.8

2.2

2.4

2.4

2.5

2.4

2.4

4.2

4.4

3.7

6.6

3.8

3.4

2.8

5.8

2.3

3.6

2.6

Cc. N/10
NaOH

Period of fer-

mentation (days)

170.0

170.0

171.0

2 drops HC1
2 drops HC1

1.05

1.0

0.9

i.i

2 drops HC1
0.25

1 drop HC1
1.3

0.6

23.2

136.8

134.3

145.9

111.25

119.0

150.1

145.0

136.75

0.9

1.75

2.15

1.3

5.9

3.3

74.4

9.7

94.7

40.3

29.4

9

9

9

5

5

5

9

9

9

5

5

5

9

9

9

5

5

9

9

9

9

9

9

5

5

5

9

9

9

5

5

* Solution not changed, no growth since last change.
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a Penicillium or of Alternaria Cilri was more than the blank.

Sclerotinia Libertiana produced acid in the presence of NH4NO1
but not in the presence of the other nitrogen sources.

In utilizing free citric acid the 2 species of Penicillium and
Aspergillus sp. were undoubtedly most efficient. On blanks of

about 170 cc. of N/10 NaOHthe readings for these fungi, even
after the short period of 5 days, were in the neighborhood of 5

cc. of N/10 NaOHor less. It is difficult to decide whether the

source of nitrogen had any effect on the destruction of the acid,

the case of organism 3 over the 5-day period being the only one
which gives any indications (NH 4NOi seemed in this case a
little less efficient than the other nitrogen sources). Alternaria

Citri failed to survive the treatment with citric acid. There was
an indication that some acid was used in the 9-day period but
the amount was so small that possibly the very thick and spongy
mat may have held back sufficient acid in washing to account
for the loss. In the case of Sclerotinia Libertiana and Diplodia

natalensis the figures would indicate that there was greater use
of citric acid in the second period of 5 days than in the first period

of 9 days. This may be due to the increased growth of the mat,
resulting in greater absorbing surface. It would hardly be safe

to attribute it to "acclimatization" of the fungus to this acid

environment, although this might be the case. It will be noted
that in the course of changing the solutions the original solution

was made up with KNOi. The first change was to a sugar solution

with NH4NO, and KNO, as nitrogen sources, while at the next
change the same nitrogen sources were retained for these 2 mats.
In both cases these mats were apparently dead or nearly so when
the NH4NO»-citric acid solution was removed, nor did the mat
revive and show growth when the second sugar solution was added.
Peculiarly enough, when the NH<NO,-citric acid mixture was
added to another mat on the second round, that is, the mat which
had received the Ca(NO0i-citric acid mixture on the first round,

the usage of citric acid was practically as good in the case of

Diplodia as with the Ca(NOi), -citric acid solution, and in the

case of Sclerotinia Libertiana a little better. Just how such data
could be properly interpreted is a question.

Having obtained from the foregoing experiments sufficient
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data to give a general understanding of the reactions of the

various fungi, it seemed desirable to round out the work with

a careful analytical study of their reactions to citric acid. For

such a study it was desirable to compare a solution which con-

tained only a sugar as a source of carbon with one containing

citric acid in addition to the sugar. Growth data covering fixed

periods were considered inadequate for such a study and analyses

of the culture solution were resorted to. Such analyses and the

weights of the mats were taken at frequent periods during the

course of growth and curves were plotted from the data so ob-

tained. This method gave a complete outline for comparison

of the 2 solutions and obviated the difficulties due to variations

in the periods of growth in the 2 solutions.

The culture solution developed by Dr. Duggar and described

previously in this article was utilized in this part of the work.

Had there been time available for extended comparative work

it is probable that a more satisfactory solution could have been

found for any one of the fungi or perhaps for the entire group.

However, the solution used appeared to be well adapted to the

group of fungi as a whole. Wherever possible KNOi was used

as a source of nitrogen, since it simplified the analytical work;

some of the fungi, however, required peptone, and for Diplodia

NH4NOi was used. Dextrose was used as the source of carbon

since it was easily determined quantitatively and had given good

results previously. The citric acid used was Merck 's " Reagent,

"

and the KOHand potassium citrate Merck's "Highest Purity."

The question of what cation to use in the partial neutralization

of the citric acid was a difficult one. Ammonium citrate gave

growth with all the fungi as both a nitrogen and supplementary

carbon source, when used with a small amount of dextrose, but

the NH« radical complicated the solution unnecessarily and was

probably not an efficient source of nitrogen for most of the fungi.

Sodium would probably have been satisfactory in many instances

but its exact status in relation to the growth of fungi is unsettled

and, at least in some instances, it appears to be toxic. Calcium

precipitates an insoluble salt with citric acid on heating, and

even if Ca(NOi)» is added to the solution after sterilization

calcium citrate is precipitated out as soon as the fungus starts
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growth. The determining factor in the latter precipitation is

apparently the hydrogen-ion concentration of the solution. The

use of potassium would seem to unbalance the solution by in-

creasing disproportionately the amount of this cation, since

KNOi and KHjPO* were being used as inorganic nutrients. How-

ever, potassium had already been used successfully, and as the

citric acid was to be only partially neutralized it seemed prefer-

able to use potassium rather than a cation of unknown physiologi-

cal reaction. In adding a large amount of citrate radical to the

solution it was apparent that one solution was to have a somewhat

higher osmotic pressure than the other. To compensate for such

a disparity it would have been necessary either to cut down the

dextrose in the solution to a small amount and to substitute

sufficient citrate mixture to make up for the dextrose or to add

to the dextrose solution enough of an inert buffer substance to be

equivalent to the osmotic pressure of the citrate mixture. Both

of these methods would involve numerous difficulties. If the first

method were used the amounts of dextrose in the 2 solutions

would be so widely different as to make difficult an accurate

comparison of the growth in the 2 solutions even if the amount

of the citric acid-potassium citrate mixture to be added could be

accurately determined, and the second method is at present

impossible owing to the fact that no absolutely inert (physiologi-

cally) buffer mixture for culture media is known.

Using the usual concentrations of mineral nutrients, one solu-

tion contained M/4 dextrose as a source of carbon and was desig-

on 1. This solution, where necessary, was adjusted

i second solution contained M/4 dextrose and M/4
fa mixture of citric acid and potassium citrate)

nated

ro
citrate radical (a

and was designated 9 The adjustment

plished by varying the ratio of citric acid to potassium

citrate. When only a small amount of potassium

needed, neutralization with 2 N KOHsufficed, but w
amount was needed solid added The

basic

ition probably contained free citric acid and a mix-

assium salts of citric acid, that is, mono-, di-, and

ites. In so far as possible the solutions were made

bulk and distributed to the 300-cc. flasks by means of
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50-cc. volumetric flask. This procedure insured the uniformity
of the culture solution in the various flasks. All cultures were
incubated at 25° C.

For each experiment, with a single fungus enough flasks of

solution were made up for 2 cultures to be used for each set of

determinations. These determinations were made at first on each
flask and the results averaged. Later the contents of the 2 flasks

were mixed together and the analysis on the mixed solution taken
as the average. The fungous mat was filtered off on a weighed
and folded filter and washed with distilled water, the filtrate

and washings being collected in a clean 200-cc. volumetric flask.

The flask was then made up to the mark with distilled water and
mixed. Where the mat was sufficiently coherent it was washed
as much as possible in the flask before removal to the filter. The
titer, PH ,

reducing sugar, and total carbon were determined, and
where time was available other tests were carried out. The
determinations were started on the first day that appreciable

growth was visible and followed up at intervals calculated to give

a number of points on the curve where change was rapid and
fewer where the change was slower.

Where a large amount of routine work is to be carried out, long

tedious processes of analyses must be eliminated in favor of shorter

and simpler procedures even at the expense of absolute accuracy.

Moreover, in dealing with the growth of organisms the variations

are likely to be so great as to nullify the accuracy of any single

determination. In interpreting the results, likewise, it is far more
desirable to have a considerable number of results indicating a
continued difference than to have a single result indicating a
single difference. No matter how accurate the latter might be,

the variations are sufficient to make it no better than an even
chance that the single result represents a variation from the nor-

mal condition. These considerations were kept in mind in inter-

preting the results of the experimental work, and conclusions

have been drawn only from clear, consistent differences.

In plotting the curves the loss of carbonaceous matter from the

solution was plotted rather than the experimental figures, that is,

the successive determinations were subtracted from the blank,

giving differences or losses, and these losses were plotted. These
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curves compare better with the mat-weight curves, which may be
run parallel to them on the same figure, and likewise represent

very well the progress of the metabolic activities. On the ordin-

ates are plotted weights in tenths of a gram and on the abscissae

the time in days, the ordinates in case of the mat-weight curves

representing the weight of the mat in grams. The curves repre-

sent the actual analytical work, and in order to reduce the amount
of detailed material presented the tables from which these curves

were plotted are omitted. Dextrose and citric acid are both

plotted as carbon, dextrose on the basis of 39.978 per cent carbon,

and citric acid as 34.272 per cent, these percentages being cal-

culated from the molecular weights of anhydrous dextrose and
citric acid with one molecule of water of crystallization. In the

following curves besides mat weight will be found: (1) "loss of

dextrose" (calculated as carbon) as determined by the Shaffer

method; (2) "loss of carbon" calculated from the total carbon

determinations; (3) "loss of carbon —loss of dextrose" calculated

by subtracting the figures for curve (1) from the figures for curve

(2) (theoretically if no oxidizable end products were formed from

either dextrose or citrate, this curve would represent the loss of

citrate —actually it probably roughly approximates it) ; and (4) a

curve for loss of acidity calculated from the titrations with NaOH
(the results of the titrations in N/10 NaOHwere calculated as

citric acid and the equivalency of carbon determined from the per-

centage of carbon in citric acid) . This latter curve might involve

several errors due to such factors as the absorption of titratable

phosphates, the production of oxalic acid from the citric acid or

the production of acidic substances from the dextrose, nor would

it throw any light on such a situation as might be brought about

by differential absorption of the anion and cation of the citrate,

that is, if the anion were absorbed and the cation remained in

the solution to neutralize free citric acid present in the solution

the titrations would indicate a utilization of free citric acid rather

than combined citrate radical.

Organism 3 (P enicillium sp.) and organism 9 (Aspergillus sp.)

were used in the first series. The solutions were made up to PH

2.5. In the curves given for these fungi each figure plotted repre-

sents the average of 2 different determinations made on separate

flasks of the culture.
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Penicillium sp. —In fig. 2 are given the data for solution 1 and

in fig. 3 the data for solution 2. It is to be noted in connection

with these curves that the time elapsing between inoculation and

the beginning of chemical determinations was 5 days in the case

of solution 1, but in the case of solution 2 it was 10 days. Taking

Irvsr.

CultZ SJ'n. I

i+

Fig. 2. Penicillium sp. in solution 1

this into consideration there is to be noted a general deterrent

effect upon the starting of growth in solution 2; this was probably

due to the fact that the PH of the solution was unfavorable for

growth and that this situation was overcome much more readily

in the slightly buffered sugar solution than in the heavily buffered

solution 2.

maximum weight of mat attained

a twice that attained in solution 1

.

Apparently in solution
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!•&. Vital cardan

Fig. 3. Penicillium sp. in solution 2.

1, a point was reached at which the loss in weight clue to autolysis

just about balanced the increase due to the utilization of the
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small amount of dextrose left in the solution. Mat weights for

solution 2 showed a normal rise and fall in this respect, attaining

a decided maximum and then falling off steadily.

Sugar had disappeared completely from both solutions on the

fifteenth day after inoculation, but if the time is considered as

when good growth started, then the utilization of

sugar in solution 2 was much more rapid than in solution 1.

The amount of mat at the point when the sugar completely

disappeared from the solution was much greater in solution 2

(about 1.5 gm.) than in solution 1 (about 0.62 gm.). This might

have been due to the additional citric acid used or to the citric

acid combined with a favorable effect upon the utilization of the

dextrose.

The utilization of the citrate radical was remarkably complete

in the case of this fungus. The amount of acid by titration had

fallen to 2.1 cc. on the sixteenth day after inoculation. Beyond
this point the utilization slowed up, but on the twenty-second

day there was only about 0.05 gm. of carbon left in the solution,

which was less than the amount remaining in solution 1 at the

point when the dextrose could no longer be detected. This means
that the small quantity of the citrate which was combined with

potassium as the cation had disappeared. That the utilization

of this combined compound was slower than that of the free acid

is illustrated by the falling off in weight of the mat while the

combined citrate was still being utilized. This fungus would

undoubtedly be classed as a strong user of citric acid.

Aspergillus sp. —In figs. 4 and 5 are found the curves for Asper-

gillus sp. Rapid growth in the 2 solutions began about the same
time and the determinations were started on the second day in

both the maximum weight of the mat
gm. greater than that

of about two-fifths. This increased maximumweight was attained

at about t he time that the dextrose disappeared from the solution.

The additional carbohydrate would seem to serve as an auxiliary

to the dextrose, but in its absence it was not sufficiently available

to keep up the increase of weight, since the wr eight commenced to

decrease while the citric acid was still being used. The dextrose,

however, was more rapidly used in solution 2 than in solution 1.
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This may have been due to the fact that the solution was buffered
at a PH favorable for the utilization of the dextrose, and that this

buffering stabilized the solution against the effect of waste pro-
ducts on the reaction. This is well borne out by a comparison
of the data on the PH of the solutions, since on the fourth day
solution 1 had reached a reaction of PH 3.8. and solution 2 a rp-

Fig. 4. Aspergillus sp. in solution 1.

action of 2.6, and while from the fourth to the tenth day the
reaction of solution 1 only reached PH 3.9, solution 2 on the tenth
day had a PH of only 3.0, the progress in an alkaline direction

having been very gradual. The; difference was not very great

but might be sufficient to account for the more rapid utilization

of dextrose in solution 2.
j

The utilization of carbon in solution 2 did not indicate a very
rapid utilization of citric acid, nor did the titration figures indicate

it. Had the experiment been run longer a much larger amount
of citric acid would probably have been used. The titration for

the blank was 46.6 cc. of N/10 NaOH (for 25 cc. of the diluted
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solution), and the titration at the time of the last determination

was 26.1 cc. N/10 NaOHon the same amount of solution, indica-

ting that less than half of the acid had been used. The difference

Days v>

Fig. 5. Aspergillus sp. in solution 2.

between the total carbon-dextrose curve for cultures 9 and 3 is

very marked, the rise of this curve being very rapid in the case of

organism 3 and very slow in the case of organism 9.

Penicillium stolonifcrum. —In figs. 6 and 7 are found the curves

for the metabolism of this fungus, and the curves for the trend
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of PH for the 2 solutions will be found in fig. 8. For this fungus

the solution was made slightly more alkaline than in the pre-

ceding work, solution 1 containing 20 cc. of 2 N HiPO« and solu-

tion 2, 175 cc. of 2 NKOHper liter. So closely did the duplicate

Cbyj 3

Fig. 7. Penicillium stoloniferum in solution 2.

mats and chemical analyses agree in the case of organisms 3 and
9, and so great was the amount of routine required that it was
decided to mix the duplicate solutions in each case and run one
determination on the mixed solution in all the succeeding work.

The mat from solution 2 was about two-fifths heavier than that

from solution 1, as was also the case with organism 9, and the
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maximum weight occurred very shortly after the dextrose dis-

appeared. Following the maximum there was a steady decline

in solution 1, but an even more rapid decline in solution 2, which

is not so easily explained, especially as the indications are that

citric acid was being used fairly rapidly at the same time. In

the curves for solution 2 is noted a break at the fifth to seventh

day, and at the same time the mats which had become rather

gray-green with spores showed signs of renewed growth and the

formation of tufts of white mycelium took place. This was noted

at other times under similar conditions, but whether it had any
significance is doubtful. However, it was peculiar that this should

take place at a time when there was also a marked increase in

the utilization of citric acid.

The final disappearance of dextrose from the solution was a

little slower in solution 2 than in solution 1, but the mat was
heavier in solution 2 at this point than that in solution 1 at the

same point in the course of metabolism. This indicated a sparing

of dextrose due to the presence of the citric acid, which might

have been due to the buffering at a PH somewhat unfavorable

to the utilization of dextrose.

The curves for the trend of PH (fig. 8) showed that in solution

1 there was a marked increase in alkalinity as soon as the fungus

had begun to grow rapidly. In solution 2, however, as would be

expected in such a strongly buffered solution, there was a long-

maintained curve at nearly the original acidity, the trend of

alkalinity coming very rapidly toward the end of the experiment

and coordinate with it a rapid decrease in the weight of the mat.

According to data obtained later, if solution 2 had been left longer

a PH approaching closely to 9.0 would have been attained. This

final falling off should have been coincident with the disappearance

of free citric acid and most of the acid salts from the solution.

The utilization of citric acid here was very complete and com-
pared favorably with the utilization by Penicillium sp. (fig. 3).

There was considerable loss of acid before the dextrose had dis-

appeared from the solution, and although there continued to be

a loss of acid after the disappearance of dextrose the mat steadily

declined in weight, indicating that citric acid by itself was
probably not very efficient as a source of carbon.
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The curve for the "loss of carbon —loss of dextrose" remained

very constant around zero until the ninth day when it started

to rise very rapidly, indicating that citric acid was being utilized

;

as will be seen, this corresponded with the figures for the titration

of the free acid.

Penicillium digitatum. —The curves for the weights of the mats

10. Owingfig. 8, the analytical data in figs. 9 and
the fact that P with

gen sources, peptone was used instead of KNOi, an
amount of the peptone solution formerly made up
being used. According to the figures on the carbon deter

(see p.

ruinations, peptone gave

under the conditions of the det

about 25 per cent oxidizable carbon

jrmi nations. The amount of

peptone added was so small, however, as compared to the amount
of carbon present that no attempt was made to remove this

substance from the solution in making analyses. In the case of

sugar determinations it is probable that there are small amounts
of copper-reducing substances in peptone but the error is so small,

and the removal of peptone before the determinations without

taking out some of the sugar is so difficult, that the determinations

were run without removing the peptone from the solution.

In solution 2 separate analyses were made of the citric acid in

the following manner: The acid was precipitated by the barium
method as previously described and the precipitate dried. The
dry precipitate was dissolved in warm concentrated HiPO« and
transferred to the reaction flask of the carbon-determination

apparatus and the carbon determined in the usual way. As soon

as the H2SO4was added BaS0 4 was thrown down, but this caused

no difficulty in carrying out the determinations. The peptone

gave a little interference in this procedure but this did not amount
to more than 3-6 mgms. of carbon per determination of 75-100

mgms. of carbon. This was done because citric acid had been

found to disappear in the preliminary cultures and little growth

had resulted.

The growth curves shown in fig. 9 show that as far as the 2

solutions were concerned there was little difference in value, if

the weight of mat be used as the criterion. Solution 2 produced

about the same growth as solution 1, but was a little slower in
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doing so and the final decline in weight was correspondingly

slower. The dextrose had disappeared 2 days earlier in solution

1 than in solution 2, and if the mat curves were smoothed out

there would be about that much difference between the times of

attaining the maximum weight of mat in the 2 solutions. Appar-

ently these maximum weights had been attained shortly before

the dextrose was completely used up. This is uncertain, however,

Fig. 9. Penicillium digital um
9

weight of mats.

since in such a case as that in fig. 10 there was a slight amount of

dextrose on the eighth day and none on the tenth day, but if the

curve for the loss of dextrose be calculated according to the con-

formation of the curve previous to the eighth day, the disappear-

ance of dextrose would be found to occur some time on the eighth

day or near the beginning of the ninth day.

The presence of the peptone in the solution complicates the

problem of drawing conclusions from the data obtained. The
remarkable fact in connection with solution 1 (fig. 10) is that the

curve for the loss of carbon seems to tally almost absolutely with

that for the loss of dextrose, and would consequently make it

appear that little or none of the easily oxidizable carbon in the
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peptone was utilized. This was probably not the case, how
and this is further indicated by the difference between the <

for "loss of carbon of dextrose" and the loss of citric acid

determined by analysis (fig ThePH from
5.5 at the beginning to 4.1 and back to 6.4 where it remained
for most of the course of the experiment.

Fig. 10. Penicillium digit alum in solution 1.

It is impossible to draw clean-cut conclusions from the curves
in fig. 11. The fact that the loss of citric acid as determined by

the "loss of carbon of dextrose
would indicate that some product was being formed in the solution

from either the citric acid or the dextrose, and, in all probability,

from the former. That this substance could not be oxalic acid

is obvious from the fact that by the method used oxalic acid

would have been included with the citric acid in the barium
precipitation. It was not a volatile substance, since it was
oxidized in the carbon apparatus and, if an acid at all, it had a
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soluble barium salt and very weak acidity, for the titration fig-

ures fell to 1.1 cc. of N/10 NaOHper 25 cc. of solution, and the

PH to 7.2. These facts preclude most of the common acids and

trive the inmression that it was some other inert substance.

Fig. 11. Pemcilhum digitutum in solution 2.

Divlod In figs. 12 and f

for the analytical work and in fig. 8 the curves i

trend of PH during the period of growth. The soli

this fungus was the same as that used for organism

NILNO» was substituted for KNOi.

used for

There was considerably greater growth in solution 2 than
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solution 1, almost one-half more, but it is noticeable that the

peak of growth occurred after all the dextrose had disappeared,

in solution 2, but was coincident with its disappearance in solution

,ely so. Likewise, the weight of the mats fell off1, or approximately so.

much more rapidly in solution 1 than Here

there was a greater weight of mat in solution 2 when the dextrose

disappeared than in solution 1 at the same relative period.

Cu/r.4, Soi>,. l

Payf J 1

Fig. 12. Diplodia nalalensis in solution 1.

The disappearance of dextrose came at about the same

period, in both The data for solution 1 would indicate

that compounds were formed

of carbon dextrose
>:>

The
proceeds

below the base line for the first 8 days, indicating that a small

amount of waste products was probably formed from the dextrose.

Beginning on the ninth day this curve begins to rise rapidly,

and from this noint runs practically parallel to the curve calculated

es. Likewise, the point at which the curve

oss of dextrose' ' starts to ascend is coin-

cident with the final disappearance of dextrose from the solution.

from the titration figu

for ''loss of carbon

—
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It was impossible to detect even traces of oxalic acid in this

of either citric or oxalic in the dextrose olution. However,

could be obtained

Fig. 13. Lhplodia nalalensis in solution 2.

ith Ca(OOC.CII had a wine-red color and
dissolved with difficulty in dilute acids, did not reduce Fehling's,

give a pentose reaction or show either alkaline or acid character-

istics. Moreover, there seemed to be a considerable amount of

gelatinous material in the solution in which the fumrus was arrow-
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ing, making it very difficult to filter off the mat, the supernatant

liquid going very slowly through coarse filter paper.

The curves for the trend of PH are found in fig. 8. Solution 1

showed a marked rise of acidity followed by a falling off to alkalin-

ity. Solution 2 did not rise in acidity but after 6 days began to

fall off steadily toward alkalinity. Whether the development

of acid was hindered by the buffer action of solution 2 or merely

masked by it is a question that cannot be answered satisfactorily.

It is to be seen that as the titer of the solution decreased to a

very small amount, utilization of carbon ceased. This might have

been due to the fact that the solution was too alkaline for the

metabolism of this fungus or that the fungus could not utilize

the citrate radical when comb ned with potassium.

Alternaria Citri and Alternaria sp. —These 2 fungi will be dis-

cussed together for the sake of comparison. The solutions con-

tained KNOi as a source of nitrogen and 100-cc. flasks were used.

In diluting, 2 flasks were made up to 200 cc. The PH of the solu-

tion was about 4.7.

It is difficult to interpret the weight curves for these organisms,

as seen in fig. 14. Organism 14 showed more rapid growth than

did organism 7, and if the final high figure for solution 1 is taken
I

into account would seem to have made a greater total growth on

dextrose alone. However, as will be noted, the dextrose had

entirely disappeared 16 days before this final high weight was

obtained. There are only 2 reasonable explanations of this fact

:

the first, that this weight is accounted for by the irregularity

of growth, and that these 2 particular mats would have weighed

as high or higher at an earlier period; the second, that the mats

for some reason were insufficiently dried and consequently were

somewhat heavier than they should have been. While this last-

mentioned explanation seems improbable, since the mats were

run in large groups and no other difficulties were encountered,

yet it seems wise to disregard such an unusually high weight

occurring at this point. With regard to both of these fungi and

other fungi of a similar nature there is considerable irregularity

in the weights of the mats, presumably due to the slowness of

growth, and consequently the greater likelihood of being influ-

enced by factors of the environment. It would have been highly
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desirable to have had more cultures for each determination.

Culture 14 gave much better growth in solution 2 than in solution

1, as well as a delayed utilization of dextrose in the former. This

would indicate that the citric acid was used at the same time as

the sugar and that the former had a high mat-building value.

Days o
lb .0

+ x

u A

X

51

Fig. 16. Alternaria sp. in solution 1.

Unfortunately, contaminations prevented the completion of the

curves. For organism 7 additional weights not shown on the

curves were obtained as follows:

Day
Wgts. in mgms.

Solution 1 Solution 2

43rd

47th

50th

341

376

502

486

These figures indicate that the maximum had already been

reached, though there was still a slight trace of dextrose in solution

2 on the forty-seventh day. The maximum in solution 2 on the

twenty-ninth day was apparently too great to represent an
average culture, the peak of the curve being too sharp at this

point. Where growth is as slow as it is with this organism, it

is likely that there is reached a condition in which autolysis

balances or even exceeds the amount of growth due to the utili-

zation of the carbohydrate still remaining in the solution. It

k
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seems reasonable that the smaller the amount of

carbohydrate in the solution, in proportion to the absorbing

surface, the more difficult it becomes for the fungus to absorb
it in sufficient quantities to show a continued increase in growth.

Where growth is very rapid, as in some species of Penitillium,

this effect would be masked by the rapid and complete disappear-

ance of the sugar from the solution, but in the case of A. Citri

this difficulty would manifest itself to a greater degree.

The curves representing the daily change in PH of the two
solutions of organism 14 (figs. 16, 17) are very interesting and prob-

Da^ 8

Fig. 17. Alternaria sp. in solution 2.

ably represent the typical results for this type of fungus. The
curve for solution 1 rises very slightly and then falls off rapidly

to a comparatively high alkalinity and remains there for the

remainder of the duration of the experiment. In solution 2
the PH remained constant for a considerable time and then

showed a very slow falling off toward alkalinity. This maintaining

of the PH in the early stages of metabolism is an expression of

the buffer activity of the citrate mixture ; the rapidity with which
the subsequent falling off occurs depends entirely upon the rapid-

ity with which the citric acid is used. If in this case the buffer

was not consumed at all by the fungus the stability would be

even greater and an organism would be required to produce a

considerable amount of either alkaline or acid substances to move
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the PH through anv considerabl

tration.

of hyd

7, we find the same buffering, but
there is a marked difference between the curve for 1

and that for organism There was no rise of acidity
11 11 • *•«,

at the start but a gradual falling off followed by a rise to a slight

peak and a subsequent falling off. The rise in acidity at this

late point might be considered only a variation in certain parti-

cular cultures were it not for the fact that several determinations

were involved in this "peak."

For organism 14, solution 2, there was a steady rise in the

of carbon of dextrose '

' curve, almost from the i

r, however, and the increased growth

This

seems to be out of proportion to the amount of carbon used

prod How much the buffering rather than the use of the

Whether

carbon from the citrate may account for this increase is a question

that cannot safely be discussed until more data are available.

Generally speaking, organism 14 is the more active and rapid

grower when compared with organism 7; likewise it makes more
effective use of the citrate radical. Another marked difference

between the two organisms lies in the curve of PH in a medium
in which dextrose is supplied alone, as noted above,

these fungi represent two species is a problem for the m
to decide however.

Sclerotinia Libertiana. —The growth curves for organism
found in fig. 19 and the curves for the a

Owing to the slow growth of this fungus and the succeeding one
(Phomopsis Citri) the culture solution was varied somewhat.
Peptone was used as a source of carbon and solution 2 contained

M/20 dextrose instead of M/4. Flasks of 100 cc. capacity were
used instead of the 300-cc. flasks.

In the growth curve for solution 1 a sharp peak appears on the
ninth day and coincident with it is found a peak in the "loss of

carbon" curve and a complete loss of dextrose. On the ninth

day it was assumed that there was no dextrose in the solution

20-21

but the curve for "loss of carbon" indicates that there was prob-

ably considerable sugar present and that the peak on the ninth

day indicated erratic cultures. In the normal culture the dextrose

would probably be found to disappear about the fourteenth to
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sixteenth day under the same conditions. If no citrate were

used the growth curve for solution 2, at its peak, would be expected

to be about one-fifth the height of that for solution 1. As a

matter of fact it is a little better than that and the peak is main-

tained instead of falling off as it did in solution 1. The curves

4
JnTnl r.nrhnrx

5
TnTn I d*i fm.<. ?

4

J

I

V
CJt/i Scl'n. I

Fig. 20. Seclrotinia Liberliana in solution 1.

Fig. 21. Sclerohnia Liberliana in solution 2.

for the analyses indicate that a little citrate was used though

great deal.

In the analytical curves for the "loss of

dextrose '
' and '

' loss of carbon '

' curves follow each other

and in solution 2 the "loss of carbon dextrose

rises more rapidly than does the curve calculated from the titra-

tions. The conclusion from the above circumstances is that the

salt (in toto), as well as the free acid, was being used.

Phomopsis Citri. —The growth curves for organism 5 are given

in fig. 19. The analytical curves are not given, as they held noth-
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ing of particular interest, since, at the end of 22 days, no more
than a trace of citrate had been used. The maximum weight of

mat for solution 2 was a little more than a fifth of the maximum
in solution 1. On the fourteenth day a good test for oxalic acid

was obtained in solution 1.

The production of alcoholic products by various fungi. —In

connection with the latter part of the work it was intended to

carry out aeration experiments in which the fungi were to be

grown in flasks plugged with rubber stoppers provided with 2

aeration tubes (inlet and outlet) and by this method to determine

the amount of CO* produced. It was believed that by aerating

the cultures twice each 24 hours the C02 tension would be kept

sufficiently low to allow of normal development of the fungus

and that enough 2 would be furnished. However, organism 9,

which was tried first, failed to develop rapidly and for a time re-

fused to sporulate, and later sporulated only sparingly in contrast

to the ordinary cotton-plugged cultures which sporulated heavily.

As it seemed useless to continue the aeration experiment, due to

the abnormal growth resulting from these conditions, the flasks

were left stoppered for about a week without aeration. As the

culture solution had developed a strong fermentative odor, it

was poured off and distilled, in the hope of finding the cause of

the odor. Twenty-five cc. of solution of markedly alcoholic

odor were obtained by distillation from 150 cc. of culture solution;

and on dilution to 100 cc. the solution had a specific gravity

slightly lower than that of water and gave a benzoate with a

very penetrating odor (Baumann and Schotten reaction). This

odor somewhat resembled that of ethyl benzoate but seemed
more penetrating. Weak iodoform tests were obtained in the cold

and stronger on warming, following the instructions of Mulliken
( '04) . The crystals were examined microscopically and found to

correspond with those given by ethyl alcohol by the same test

but this is not distinctive. No similar products were obtained

where only dextrose was present as the source of carbon. Lack
of time and equipment for organic analysis prevented further

study of this solution in an analytical way, but similar phe-

nomena were observed in numerous cultures and it maybe worth
while to indicate some of the results obtained.
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In cultures of Phomopsis in the presence of large amounts of

citrates a marked yeasty smell suggesting ethyl alcohol and dilute

acetic acid developed after a prolonged growth period; with only

dextrose and peptone no such odor developed. Both of the

Alternaria spp. in dextrose mixtures developed similar

odors, and distillation gave solutions with the odor of alcohol.

These distillates gave iodoform tests on warming and benzoates

with the odor of ethyl benzoate, or suggesting mixtures of ethyl

benzoate with allied benzoates. When a series in which KNO,
was used as the source of nitrogen was inoculated with Oospora

Citri-aurantii the growth was so slow and the difficulties connected

with filtering off the organism so great that the series had to be

abandoned. After about 2 weeks a very marked sweetish odor

developed, nearly resembling slightly fermented cider, and this

applied in less degree to the culture solution where only dextrose

used as the source of carb On distillation the odorous

compound was carried over to the distillate and suggested

of ethyl or some allied alcohol

These results are necessarily incomplete, yet merit some dis

cussion. factors which all these cases had in common
condition in which there was a tendency to an

bic environment, and (2) citric acid-potassium citrate mixtures

(with one exception —see Oosp Citri This semi

anaerobic condition was obtained in the Aspergillus cultures

through stoppering the flasks with rubber stoppers and in the

other cultures by the mat tending to form (where there was a

mat formed) in the solution instead of on its surface as was usual

with most of the fungi used. Oospora grows in the solution in a

yeast-like manner; the two species of Alternaria and the Phomop-

sis, besides being slow growers, start under the surface of the

solution and eventually form a sponge-like mass which contains

solution interstitially. Under such circumstances there is

ain to be a solution saturated with C02 and at the same time
the

probable shortage of O the slow diffusion from the

the moderated condition of anaerobism in which

there is an excess of COt and a shortage of 2 would seem then

be a primary factor.

The question of carbon source is more complicated than
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indicated at first glance. There are 2 solutions under considera-

tion; one in which only dextrose was used as a source of carbo-

hydrate, the other with dextrose and the addition of a compara-

tively large amount of citric acid-potassium citrate mixture.

The alcoholic products occurred only where the citrate mixture

was present, except in the case of Oospora, and the natural in-

ference is that the citrate radical is the source of the products

formed. However, it is within the field of possibility that this

may not be the case, but that the strong buffer action of the

citrate mixture is successful in maintaining the reaction at an
unfavorable PH for a considerable time, which might result in an

abnormal metabolism of dextrose. However, in the Phomopsis

cultures only a small amount of dextrose was present with the

citrate mixture and this was soon utilized, probably before the

solution had acquired the semi-anaerobic condition. Likewise,

when the cultures of Aspergillus, which had been stoppered for

the aeration work and which contained only dextrose and pro-

duced no appreciable amount of alcoholic products, had citric

acid added to them after the dextrose was exhausted the odor of

alcohol rapidly developed.

The question of buffering was raised primarily in connection

with Diplodia nalalensis. A series of flasks of the dextrose-citrate

solution was prepared but made too acid for the good growth of

this fungus. After inoculation the fungus developed very slowly

tufts of floating mycelium in the solution and after about 2 weeks

a small tuft on the surface. The odor of ethyl alcohol was very

ttrong, and there was also present some other substance of pene-

lrating odor but probably not acetic acid ; on distillation the distil-

sate gave an immediate and very strong iodoform test in the cold,

indicating that either acetone or isopropyl alcohol was probably

present. As no benzoyl chloride was available at the time no

benzoate was made. The odor of the distillate, however, suggested

a mixture of ethyl alcohol and acetone together with some
sub adjusted to a more favorable

Ph did not produce these odorous compounds. The inference

here is that the buffering of the solution at an unfavorable PH

might be the important factor, but it is reasonable to suppose

that the buffering should affect the metabolism of the citrate
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radical as well as of the dextrose. Moreover, the results might

be indirect in that the buffering at an unfavorable PH caused the

mat to form in instead of on the solution and that this was the

direct cause of the incomplete metabolism.

Other cultures used failed to produce such evident volatile

metabolic products, but both Penicillium stoloniferum and P. sp.

produced some odorous compound which was given off when the

solution was neutralized. This distilled over readily and formed

a benzoate by the Baumann and Schotten reaction which had

an odor of some rubber compounds.

These observations are very suggestive of a fruitful field for

investigation in the future. Moreover, they merely add to the

data indicating that the metabolism of fungi is far from a simple

problem and that the end products may be in many ways inde-

pendent of the conditions of the environment. It is quite

probable that ethyl and isopropyl alcohols, acetic acid, and
possibly acetone may be end products of the metabolism of citric

acid by fungi and that they may also be the end products of the

metabolism of sugars, providing the correct e i v ironmental

conditions are provided. It is likewise probable that these en-

vironmental conditions have to do with the ~COt relations

and that any factors affecting this relation maf have effect upon

the ultimate products obtained.

Summary

An improved method for the determination of citric acid,

especially applicable to culture solutions, has been offered.

The application of the wet combustion method, for the deter-

mination of total carbon, to physiological work has been indicated.

A number of fungi which attack citrus fruits have been studied

with regard to their ability to utilize citric acid as a source of

carbon with the following general results:

(1) None of the fungi tried was found to thrive on citrate as

the sole source of carbon.

(2) Citrate mixtures adjusted to a favorable PH proved to

be efficient supplementary carbon sources, when used with small

quantities of dextrose, for all the fungi used with the exception

of Penicillium digitatum and Phomopsis Citri.

l
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(3) After a mat had been grown on dextrose, free citric acid

was utilized readily by Penicillium stoloniferum , P. sp., and Asper-

gillus sp., and somewhat less readily by Sclerolinia Libertiana.

Free citric acid was used slightly or not at all by mats of Diplodia

natalensis, Phomopsis Citri, Alternaria Citri, Alternaria sp. and

Penicillium digitatum. The response of the fungi in this respect

was coordinate with their tolerance of the hydrogen-ion concen-

tration.

Studies have been carried out with Penicillium sp., Penicillium

stoloniferum, Penicillium digitatum, Aspergillus sp., Diplodia

natalensis, Alternaria Citri, Alternaria sp., Phomopsis Citri, and

Sclerotinia Libertiana on a dextrose and a dextrose-citrate medium,

and curves for the growth, trend of Ph, "loss of dextrose," "loss

of carbon," etc., are given for these fungi.

Acidic and alcoholic products were found to be formed under

unfavorable environmental conditions, that is, lack of Oi, un-

favorable PH , etc.

It has been pointed out that tolerance or utilization of free

citric acid is probably not an important factor in the specialized

parasitism of such fungi as Phomopsis Citri, Pejiicillium digitatum,

Alternaria Citri, Alternaria sp., Sclerotinia Libertiana, and Diplodia

natalensis, but that it probably is a factor in the destructive

rotting of injured fruit by numerous fungi which cause this

final collapse, and that under suitable environmental conditions

Penicillium stoloniferum, Penicillium sp., and Aspergillus sp.

would probably come in the latter category.

It is with great pleasure that the writer takes this opportunity

for thanking Dr. B. M. Duggar for invaluable aid and advice

in the prosecution of the work here reported; he also wishes to

thank Dr. P. A. Shaffer of the Medical School of Washington

University for aid in connection with the chemical work, and Dr.

George T. Moore for the privileges and facilities of the Missouri

Botanical Garden.
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t


